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ABSTRACT 
This research examines the effectiveness of the airport signing system as a model for 
informational kiosks to present legible, recognizable and visible graphics. This research 
addresses informational kiosk graphics on the premise that if the design of airport signing 
systems imparts legible, recognizable and visible graphics, then applying the principles of 
airport signing systems to informational kiosk graphics would increase the legibility and 
recognizability of kiosk information. 
The development of the informational kiosk prototype for Downtown Ames, Iowa 
resulted from the study of airport signing systems that established the criteria for developing 
legible and recognizable graphics. The criteria were reinforced by the investigation of the 
Minneapolis-St. Paul International Airport (MSP), which provides design strategies that 
enhanced legibility and comprehension of the informational kiosk prototype. The case 
study of MSP International Airport combined with the criteria delineated from the research 
of airport signing systems constituted systematic matrices to identify problematic aspects of 
the existing informational kiosks in downtown Ames, Iowa. Through the comparative and 
evaluative matrices, a pattern emerged for the development of a kiosk prototype. 
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CHAPTER 1 
INTRODUCTION 
While research on signing systems has been well developed and incorporated, kiosk 
design is often concentrated on decorative enhancement of space or provision for displaying 
information, rather than on legible deposition of presenting consistent and clear information. 
Recent research on signing systems has suggested that one of the most perceptible signing 
systems appears in airport facilities (Frutiger 80), due to its ability to provide us with great 
mobility through manipulation of design variables and to provide for the cognitive and 
ergonomic needs of the public. This thesis proposes that if the airport signing system suc-
ceeds in presenting legible and clear information, then applying the principles of the airport 
signing system as a model for informational kiosk would increase the effectiveness of the 
representation of the kiosk information. 
The term kiosk, interpreted by Laszlo Roth 1 in Display Design, is defined as a tall, 
wide column, especially erected for the purpose of displaying posters or information. The 
categories, based on purpose, include the informational, commercial and exhibitional kiosk. 
The primary function of informational kiosks is to present and provide vital information for 
the users in a complex surrounding. Commercial kiosks are accessories for manufactures to 
advertise their products. Exhibitional kiosks integrate several individual modules formed to 
exhibit one concept or theme. The scope of this research focuses on the informational kiosk 
because of the current lack of attention to present legible and consistent graphics. 
The reasons for choosing the airport signing system as a model for developing infor-
mational kiosk graphics are 1) its complete and effective developed signing system 2) its 
well integrated incorporation of design variables within the signing system, 3) its high visi-
bility and recognizability and, 4) its clear representation of information for people on foot to 
acquire information. 
1Lazlo, Roth. Display Design (London: Prentice Hall, 1983), 76. 
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The goal of this research is to resolve the problems that exists in informational kiosk 
graphics and to further enhance their legibility and recognizability. To attain this goal, three 
approaches will be emphasized with relation to kiosk graphics. They are 1) legible deposi-
tion of presenting information, 2) fulfillment of ergonomic needs and 3) uniformity of infor-
mation. Many related issues that determine the validity of each approach will be discussed. 
Analysis of graphic applications in airport signing systems will provide a systematic guide-
line for developing informational kiosk graphics, and the subsequent developed model can 
be used as a prototype for similar kiosk settings. 
The literature review includes 1) the analysis of airport signing systems that serves 
as the foundation for improving existing informational kiosks, 2) an overview of the 
approaches used in airport signing systems that enhance viewers' ability to navigate through 
space, and 3) the study of cognitive and ergonomic factors that determine the effectiveness 
of the airport signing systems. 
The methodology contains a study of the airport signing system used in the 
Minneapolis-St. Paul (MSP) International Airport. In combination with the study of airport 
signing systems in the literature review, criteria were established to evaluate the existing 
informational kiosks in downtown Ames, Iowa. Using the comparative and evaluative 
matrices, the problematic aspects of existing informational kiosks can be identified and the 
investigation of MSP International Airport provided the rationale for implementing a proto-
type that will demonstrate legible and recognizable kiosk graphics. 
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CHAPTER2 
LITERATURE REVIEW 
Aspects of Airport Signing System 
Four major design criteria associated with airport signing systems are 1) clarity of 
messages, 2) legible recognition of signs, 3) consistent use of the system, and 4) sequential 
position of signs. Those criteria result in increasing the mobility of an individual, accuracy 
of messages and recognizability of signs in an airport setting. The criteria listed above pro-
vide the elementary framework for developing a signing system for airport. The following 
three approaches represent attempts to fulfill the criteria listed above in airport signing sys-
tems: I) Short Verbal Messages, II) Graphic Symbols, and Ill) Combinations of Short 
Verbal Messages and Symbols. 
I. Short Verbal Messages 
First, the term short verbal messages refers to the signs that only contain letterforms. 
Short verbal messages are mainly used to represent a process or activity especially when 
words or phrases are less effective and more difficult to portray as a symbol (Figure 1). The 
advantages of using short verbal messages are that passengers can rely on direct and clear 
information in written forms. As Adrian Frutiger addresses in Type Sign Symbol, 
The written notice has proved to be the most serviceable element in this respect [lan-
guage as signal]. In the relative short, but intensive period of development of the 
past 25 years, a common language [signing system] for air traffic [airport] has been 
formed, based on certain number of international usable expressions.2 
Moreover, in research conducted by Ronald Walker "Comparative Accuracy of Response of 
American and International Road Signs" suggests that the understandability, recognizability 
and accuracy of viewer response toward short verbal messages increase in comparison with 
symbol signs. 3 On the other hand, the research conducted by H.F. Janda and W.N. Volk in 
2 Frutiger, Adrian. Type Sign Symbol (Zurich: Editions ABC, 1980) 80. 
3 Walker, E. Ronald, Nicolay, C. Robert and Sterarns, R. Charles. "Comparative Accuracy of Response of 
American and International Road Signs," Journal of Applied Psychology 49 (1965): 322. 
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Figure 1: Differences of process and analogy symbols: the symbol on the left represents a 
process "connecting flight" which is difficult to be interpreted. On the other hand, the sym-
bol on the right is a figurative analogy of object stands for "coffee shop." 
Source: American Association of Airport Executives, et al. Guidelines for Airport Signing and Graphics 
(Washington DC: Air Transport Association of American, 1984) 77. 
1934, the authors suggest that the disadvantage of adapting short verbal messages in the 
signing system is the reaction time (speed of recognition) which was the greatest for words 
alone.4 
There are three measures that specifically need to be met in this category from the 
functional perspective. They are listed as follows (regardless of the cognitive, and 
ergonomic factors of signing which will be discussed in the next section): 
la. The simplification of letterforms for easy recognition and identification when 
viewed from a distance: "The face should be simple in style and form, the propor-
tions and shapes be those normally seen and therefore easily recognized. "5 The 
examples of those 'normal seen' typefaces are illustrated in Figure 2. In addition, 
many typefaces contain significant differences between thin and thick strokes where 
the thin strokes disappear in the distance (Figure 3). Moreover, the legibility of cer-
tain letters, due to their design, may be misinterpreted from a distance as others of a 
similar shape such as with D and 0 , I and J, C and 0, and C and G (Figure 4). 
4 Janda, H.F. and Volk, W.N. "Effectiveness of Various Highway Signs," Highway Research Board 
Proceedings 14 (1934): 442-447. 
5 Crosby, Fletcher and Forbes. A Sign Systems Manual (Great Britain: Studio Vista Ltd., 1970) 14. 
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I Helvetica Frut iger Univers I 
Figure 2: Examples of the most commonly 
used typefaces in signage. 
Badoni Palatino 
Figure 3: Examples of typefaces that contain 
significant differences between thin and thick 
strokes. 
D and 0 , I and J 
C and 0 , ( and G 
Figure 4: Pairs of similar letterforms, due to 
their design, that may be misinterpreted when 
viewed from a distance. 
1 b. The compatibility of selecting letters: 
The replacement of unique or specific 
designed typefaces might be outdated 
over a period of time. John Follis, the 
author of Architectural Signing and 
Graphics, writes "Most major architectur-
al projects are designed and built to last at 
least fifty years. "6 Therefore, the selected 
typefaces on signing must age well espe-
cially, for airport signing systems and the 
selected typefaces must be available from 
most manufacturers as standard items. 
le. Its durability for illuminative reflec-
tion: The typefaces with sharp serifs often lose their appearance especially at night 
when it depends mainly on a lighting source and reflective material mounted on the 
sign. 
II. Graphic Symbols 
Second, the term graphic symbols can be classified into two major categories: 
phonograrns and logograms (pictograms), according to Rudolf Modley in the "Graphic 
Symbols for World-Wide Communication". Phonograms are arbitrary symbols such as the 
English language alphabet. Airport signing systems, in comparison, concentrate on the 
development of pictograms and symbols. Pictograms are figurative analogies of objects, for 
example, a martini glass stands for "bar" in airport signing systems (Figure 5), whereas 
symbols are abstract or geometric forms associated with an idea or concept, such as the sign 
for direction: an arrow which is an abstract, and geometric form used to indicate direction. 
6 Follis, John and Hammer, Dave. Architectural Signing and Graphics (New York: Whitney Library of 
Design, 1979) 57. 
Figure 5: Representational 
Symbol: The symbol is 
derived directly from its 
representational object. 
Source: American Association 
of Airport Executives, et al, 77. 
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Two advantages of applying symbols to airport signing 
systems, suggested by Crosby in A Sign Systems Manual, are 
1) symbols can be substituted for descriptive words and phras-
es that may appear perplexing in length as well as meaning, 
and aesthetically disturbing, and 2) it surmounts "the visual 
recognition and identification problems of unfamiliar foreign 
language. "7 Nevertheless, the disadvantages of applying sym-
bols to airport signing systems seem to contradict the advan-
tages: 1) it hinders the problems of compensating a concept 
into a universal descriptive symbol, and 2) it is impossible to reconcile the differences from 
nation to nation. Ellen Lupton and Abbott Miller in Design, Writing, Research: Writing on 
Graphic Design suggest, the meanings of international signs are culturally specific.8 In 
addition, the American Institute of Graphic Arts (AIGA) in Archigraphia: Architectural and 
Environmental Graphics states, "The effectiveness of symbols is strictly limited, and that 
they serve better when they represent an object than when they must convey the idea of an 
activity; that symbols are useless except as part of an intelligent total sign system; and that 
it is more harmful to oversign than to undersign. "9 For example, the symbol for car rental 
commonly used in the continent of North America can be interpreted as "lock your car" 
(Figure 6) in various other countries. Hence, the precision of symbols must be clearly repre-
sented to serve its functional purposes. There are approximately 34 symbols currently incor-
porated within airports in United States, that tested in many airports in the nation and 
proven successful by the American Institute of Graphic Arts (AIGA). However, there is no 
universal pictogram adapted worldwide to reconcile the cultural differences between 
nations. 
7 Crosby, Fletcher and Forbes. A Sign Systems Manual. (Great Britain: Studio Vista Ltd. , 1970) 42. 
8 Lupton, Ellen and Miller, Abbott. Design. Writing. Research: Writing on Graphic Design (London: Phaidon, 
1998) 42. 
9 Walter, Herdeg. Archigraphia: Architectural and Environmental Graphics (New York: Hastings House, 
1978) 40. 
Figure 6: Conceptual pic-
togram: the symbol may be 
misinterpreted from nation 
to nation when it is based 
on a concept rather than on 
its representational analo-
gies of an object. 
Source: American Association of 
Airport Executives, et al, 73. 
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The required criteria for evaluating suitable symbol signs are 
described below. 
2a. Simplicity: Otto Neurath, the founder of ISOTYPE, sug-
gests that the simplest expression of an object is reduction 
when generating the vocabulary of international pictures, 10 as 
oppose to the attempt of portraying signs in details which 
only creates more visual noises in appearances than revealing 
the meaning of signs. 
2b. Recognition: Signs should be recognizable and accom-
modating to different individuals even when they are per-
ceived in a different context. 
2c. Consistency in its intended meaning: The symbol must present its intended 
meaning. In addition, the sign must consistently maintain the same meaning in vari-
ous contexts. The symbols that do not remain consistent in meaning conceal poten-
tial problems toward recognizability and visibility in signing systems. 
2d. Visibility: The sign must be visible even when viewing under various lighting 
conditions or oblique angles and must be placed for instant recognition. 
2e. Uniformity: The signing system has to be achieved as an integrated whole. It 
has to be adaptable and systematically applicable to a variety of interrelated con-
cepts. 
III. Combination of short verbal messages and symbols 
The most beneficial feature of using a combination of short verbal messages and 
symbols is that the misinterpretation of symbols can be avoided when the symbol is com-
posed by the ideas rather than the figurative analogy of object (Figure 7). The accommoda-
10 Margolin, Victor. Design Discourse: History/Theory/Criticism (Chicago: The University of Chicago Press, 
1989) 151. 
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tion of short verbal messages reconciles the uncertainty of symbols and facilitates users' 
understanding of signs. The purpose of the criteria under this category is 1) to unify the ver-
bal short messages and symbols as an integrated whole, and 2) to achieve a consistent visual 
appearance with signs that only contain either short verbal messages or graphic symbols. 
ll!IJ Elevator 
Figure 7: Misinterpretation of symbol without the written word. 
Source: The American Institute of Graphic Arts. Symbol Signs (New York: Hastings House, 1981) 46. 
The criteria for the combinations of short verbal messages and symbols are listed below: 
3a. Consistent formation of grid structure: The position of symbols must depend on 
the selected typeface height and must correlate with the linear arrangement of typo-
graphic layout in same grid structure. 
3b. Same discipline of the unit measurement scale: The units used to measure typo-
graphic layout must remain the same when applying to symbols. 
3c. Incorporation of verbal messages and symbols in depth as well as in width: The 
proportion of verbal short messages must be integrated in depth as well as in width 
so that signs are incorporated systematically rather than appearing as visual noise. 
Most airports integrate all three approaches in their signing system to compensate 
the weakness of each. None of the approaches can effectively function independently in 
spite of the fact that each component has both strengths and weaknesses. By synthesizing 
all three approaches, misunderstanding can be reduced to minimum especially when accura-
cy of the messages is requisite for instant recognition in airport signing systems. Moreover, 
the alternatives can always be substituted when one of the approaches is constrained by the 
existing architectural structure. For example, the sign for "Restroom" may function better 
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with only the symbol placed on the door because the size has to be proportionally reduced 
to coordinate with the size of the door. With the smaller symbol, the size of short verbal 
messages also relatively reduced and loses its legibility from the distance. Therefore, in this 
case, the graphic symbol may work better than other two approaches. Otherwise, the width 
of sign would either exceed the width of the door or the legibility of the short verbal mes-
sage decrease as the size is reduced. 
All criteria mentioned above are the result of the attention to ergonomic and cogni-
tive factors. The ergonomic factors focus on accommodating people's needs for comfort, 
safety and for maximum productivity. It is a study of human capabilities and limitations.'' 
On the other hand, the cognitive factors involved processes with knowing, learning and 
understanding of things.12 
Paul Mijksenaar lists the sequence of stages in the act of reading in Visual Function 
(Table 1). We process information first by its position and sequence, which is called 
Comprehension. 12 This comprehension apprehends us to perceive information in the most 
comfortable manner and then to further assimilate and recognize. Comprehension is mainly 
associated with ergonomic factors that prepare us for the beginning stage of processing 
information. Once the comprehension follows the intuitive logic, we see the detail of the 
object (cognitive factors) that adheres to the big picture. 
The next section will address the essential issues in response to the ergonomic and 
cognitive factors involved in airport signing systems that succeed in facilitating the public's 
immediate recognition of signs. 
11Henry Dreyfuss Association. The Measure of Man and Woman: Human Factors in Design (New York: 
Whitney Library of Design, 1993) 8. 
12 Cobuild, 304. 
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Table 1: Paul Mijksenaar's theory of sequencing stages pass through in the act of reading. 
Stage 1 Comprehension 
a position; sequence (time) 
b position; direction 
Stage 2 Assimilation 
c type size 
d type contrast (bold/light; upright/slanted) 
Stage 3 Recognition 
e column layout 
f typesetting; line spacing 
g typeface 
Source:Mijksenaar, Paul. Visual Function: An Introduction to Information Design (New York: Princeton 
Architectural Press, 1997) 40. 
Ergonomic Factors 
Three major elements, in consideration with an individual's degree of comfort and 
safety (ergonomic concerns) to perceive information are I) Viewing Distance, II) Size, and 
Ill) Placement of Sign. Two sub-categories of viewing distance are average standing height, 
and natural line of vision. Those two sub-categories are crucial for determining the most 
ergonomic viewing distance in airport signing systems because the viewing distance is 
altered depending on the average standing height of adults. Once the distance is calculated, 
then both the size, and placement of signs can be determined for presenting maximum legi-
ble, recognizable and visible graphics. 
I. V1ewing Distance 
The calculation of viewing distance is essential because it determines the easiest dis-
tance for people to perceive, recognize, and understand information on signs. The formula 
to determine the appropriate viewing distance for the airport signing systems must take into 
account the average standing heights 13 and natural vision of human beings. Because of the 
13 American Association of Airport Executives, et al. Guidelines for Airport Signing and Graphics 
(Washington DC: Air Transport Association of American, 1984) 61. 
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diversity of human heights, the problem of accommodating all people may not be possible 
due to the variety of individual heights. As the Henry Dreyfuss Association addresses in 
Humanscale 4/5/6, 
The approach used by early designers accommodated the average man. This system 
partially solved the problem. Many were accommodated as there are more men near 
average than there are tall men or short men (based on statistics). Those a little larg-
er and smaller than average adapted themselves with some discomfort, which 
increased as, the time of endurance increased. 14 
Therefore, the calculation of viewing distance is verified according to the definition of the 
average man. In a recent anthropometry report, the average U.S . standing height of all 
adults (ages 18-65) is 5'7" (67in) as shown in table 2 and 3. This factor effects the height of 
sign placement and is crucial for the determination of cognitive factors for developing sign-
ing system. 
The other determining factor for viewing distance is the natural line of vision. 
Natural line of vision refers to the normal sight line when standing with a normal posture. 
It is used to determine the comfort angle for human beings to perceive information from any 
estimated distance. This angle is approximately 10 degrees from the natural line of vision. 
The diagram shown in Figure 8 illustrates the definition of natural line of vision from the 
human perspective. This formula is vital when ascertaining the viewing distance for signing 
because the 10-degree angle from the natural line of vision is calculated to determine how 
far the second sign should be positioned. However, since the viewing distance can still be 
varied within a 10 degree angle from the natural line of vision as shown in Figure 9, the 
American Association of Airport Executives has tested the effective distance for viewing 
signs in the range that retains the 10 degree angle of the natural line of vision. This dis-
14 Henry Dreyfuss Association. Humanscale 4/5/6 (Massachusetts: The MIT Press, 1981) 39. 
Table 2: Cumulative percent distribution of popula-
tion by height of United States males. 
20-29 30-39 40-49 50-59 60-69 70-79 
age age age age age age 
4'8" - -
- - - -
4'9" 
- - - - - -
4'10" 
- -
-
- 0.1 -
4'11" 
- - - -
0.1 0.1 
5' 0.1 - 0.2 - 0.4 0.1 
5'1'' 0.1 - 0.4 0.1 0.5 0.6 
5'2" 0.5 0.8 0.7 0.2 0.7 0.9 
5'3" 1.3 1.4 0.9 1.0 2.2 2.7 
5'4" 3.4 2.2 1.7 2.5 5.8 7.8 
5'5" 6.9 5.1 5.6 6.0 9.4 16.5 
5'6" 11.7 JO. I 12.1 11.7 15.8 27.3 
5'7'' 20.8 18.9 19.6 20.5 27.4 39.5 
5'8" 32.0 28.3 28.0 32.6 38.6 53.4 
5'9" 46.3 44.3 42.1 43.9 55.1 68.7 
5'10" 56.7 58.0 58.1 60.6 68.8 79.5 
5'11" 70.l 70.4 71.1 75.2 81.4 89.2 
6' 81.2 79.7 81.5 85.4 90.0 94.1 
6'1'' 87.4 86.2 89.0 92.4 95.2 97.2 
6'2" 94.7 92.4 94.4 96.4 98.2 99.3 
6'3" 97.9 98.1 97.2 98.2 99.5 99.9 
Source: U.S. Census Bureau, 1998. 
Table 3: Cumulative percent distribution of popula-
tion by height of United States females. 
20-29 30-39 40-49 50-59 60-69 70-79 
age age age age age age 
4'8" 0.6 0.1 - - 0.2 1.7 
4'9" 0.7 0.2 0.3 0.1 0.7 3.3 
4'10" 1.2 0.7 0.7 1.9 1.7 4.9 
4'11" 3.1 2.6 1.7 3.1 4.4 9.8 
5' 6.0 5.5 5.3 6.6 9.9 15.4 
5'1'' 11.5 10.4 9.9 11.9 19.0 28.9 
5'2" 21.8 18.5 18.8 24.4 34.3 45.6 
5'3" 34.3 30.7 31.9 38.6 48.3 61.2 
5'4" 48 .9 42.9 49.2 52.6 65.5 74.5 
5'5" 62.7 59.1 64.3 69.9 76.5 85.9 
5'6" 74.0 71.8 77.0 81.6 87.8 93.9 
5'7'' 84.7 84.19 87.0 89.3 92.5 97.39 
5'8" 92.4 1.6 94.5 95.6 96.79 99.2 
5'9" 96.2 95.6 97.3 99.0 9.3 100.0 
5'10" 98.6 98.l 98.99 99.6 99.8 100.0 
5'11" 99.5 99.5 99.4 100.0 100.0 100.0 
6' 100.0 100.0 100.0 100.0 100.0 100.0 
6'1" 100.0 100.0 100.0 100.0 100.0 100.0 
6'2" 100.0 100.0 100.0 100.0 100.0 100.0 
6'3" 100.0 100.0 100.0 100.0 100.0 100.0 
Source: U.S. Census Bureau, 1998. 
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Figure 8: Illustration of natural line of vision, normal viewing angles and the angles for maximum word, and symbol recognition. 
Source: Utilized from Henry Dreyfuss Association. Humanscale 4/5/6. New York: The MIT Press, 1981: panel 6a, and Pheasant, Stephen. Bodyspace: 
Anthropometry, Ergonomics and Design. London: Taylor & Francis Ltd. 1986: 158. 
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tance should be no greater than 155 feet and less than 20 feet for maximum legibility, rec-
ognizability and visibility of sign. 15 
Though a 10° angle from the natural line of vision is a useful rule of thumb, it is 
somehow difficult to follow when designing for built structures. For instance, the total 
length of a corridor is 202 feet before it merges into a three-way intersection. Within al0° 
angle for the natural line of vision range, there are approximately three possible distances 
that can fit in the range of 20 feet to 155 feet, but aesthetically those numbers cannot be 
equally divided with 202 feet. In this case, the angle from the natural line of vision must be 
readjusted so that the distances between each sign are in equal numbers. According to the 
study conducted by the Henry Dreyfuss Association, the angles of viewing the sign must not 
exceed 30°, or accurate viewing may relatively decrease as the angle increases in degrees. 
II. Size of Sign 
The determining factor for size of sign with regard to its width depends on the com-
fort angles for human eyes to perceive information without turning their heads (angle of eye 
movement). If the size of the sign exceeds this limitation for users to perceive information, 
the ergonomic aspect of signing will not be fulfilled. The maximum angle of eye movement 
ranges from 35° to the right and 35° to the left, but it is suggested that the width of the sign 
should be sustained within 15° to the right as well to the left as shown in Figure 10. 
Furthermore, the determination of the height of the sign itself is associated the comfort 
angles for the human head to move from the top of the first line of text or symbol to the 
bottom of the sign. The ideal size for sign should allow users to conceive information with-
out drastic movements of either eye or head. However, in the airport signing systems, it 
was commonly found that sign width is approximately equal to the length of the width of 
corridor. It is used to channel crowded traveling traffic, so that travelers can perceive infor-
mation from either side of the corridor (Figure 11 ). 
15 American Association of Airport Executives, et al. Guidelines for Airport Signing and Graphics 
(Washington DC: Air Transport Association of American, 1984) 61. 
Sign 
Effective viewing distance not more than 155 feet. 
... ... 
Effective viewing distance not less than 20 feet. 
Figure 9: The range of effective viewing distance. 
Source: American Association of Airport Executives. Guidelines fro Airport Signing and Graphics. Washington D.C. : Air Transportation of America, 1984. 
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Figure 10: Illustration of the comfort angles for eye, and head movements. 
Source: Henry Dreyfuss Association. Humanscale 41516. New York: The MIT Press. 1981: pane1 :6a. 
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Baggage Claim 
Ground Transportation 
Gold Concourse 
Figure 11: Example of elongating the width of sign to extend the degree of visibility. 
III. Placement of Sign 
The placement of sign corresponds to the natural line of vision. The decisive place-
ment of signs must comply with the parameter for determining appropriate viewing dis-
tance: the 10° angle from the natural line of vision and the average standing height of human 
beings. There are four different types of sign placement: 16 top fixed, side fixed, free stand-
ing and flat fixed (Figure 12). The type of placement used is based on the purpose of sign 
and the environment where it is to be displayed. It is determined that top fixed , and side 
fixed signs are the most practical signs used in the airport environment because they allow 
the maximum numbers of users to view them simultaneously, while free standing and flat 
fixed signs can only permit limited numbers of users to view at the same time. The distance 
from the floor to top fixed or side fixed signs should not be less than the average standing 
height of adults or accident may occur while the user is concentrating on gathering informa-
tion from the preceding sign. 
I I 
I Top Fixed I 
Free 
Standing 
I 
~ Side Fixed I 
Flat Fixed 
Figure 12: Four different types of sign placement. 
16 Crosby, Fletcher and Forbes. A Sign Systems Manual. Great Britain: Studio Vista Ltd., 1970: 49. 
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Cognitive Factors 
Two major elements involve with cognitive factors in airport signing systems are 
I) Legibility, and II) Readability. Each element is modified to better facilitate users' ability 
to understand airport signing systems. 
I. Legibility 
Legibility is defined by Karen and James Claus as "the characteristics of letters or 
numbers which make it possible to differentiate one from the other." 17 It is mainly affected 
by size of type in correlation with viewing distance, proportion of lowercase and uppercase, 
distinctive character of letterforms, spacing, and weight. The spacing includes interletter, 
interword and line spacing, and weight involves the ratio of height versus stroke width and 
heaviness or boldness of letters themselves. 
Viewing distance in this respect is significant in spite of the fact that it determines 
the appropriate letter size for legible, recognizable and visible signing. In association with 
the parameter of viewing distance discussed in the ergonomic aspect (no less than 20 feet 
and greater than 155 feet), the range of legible size of letters is calculated within a view dis-
tance of 20 feet to 155 feet. In Signage, the authors suggest that with every 30 feet, at least 
one inch cap height of a letter is required for easy recognition and visibility of signs (Figure 
13). However, when the size of a letter is based on the x-height, there is variance in formu-
la. As opposed to forming a straight line as in relation with cap height and viewing dis-
tance, the pattern appears to be irregular in relation with x-height and viewing distance 
(Figure 15). 
The diagrams provided in Figure 14 is to determine the size of capital and lowercase 
letters separately when using either all capital or all lowercase letters as a word. Thus, when 
using a combination of capital and lowercase letters as a word decision has to be made 
whether either the capital letter or the lowercase is the fixed standard. Moreover, research 
17 Claus, Karen and Claus, James. Visual Communication through Signage, vol. l. Cincinnati : Signs of the 
Times, 1974:2. 
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CAP height in inches 
6" 
5" 
4" 
3" 
2" 
1" 
0 30' 60' 90' 120' 
Figure 13: Correspondent cap height with viewing distance. 
150' 
acceptable zone 
viewing distance 
in feet 
180' 
Source: Mclendon, Charles and Blackistone, Mick. Signage: Graphic Communication in the Built World. 
New York: McGraw-Hill, 1981:37. 
Character Viewing Distance Traffic Speed 
x-Height (inches) (feet) (miles per hour) 1 I x- height in inches 
1.60" 
0.20 10 Pedestrain 1.50" 
0.24 12 l.40" 
0.32 16 1.30" 
0.40 20 1.20" 
0.48 24 
I. IO" 
0.60 30 
1.00" 
0.80 40 
0.90" 
1.00 50 
0.80" 
1.20 60 
1.60 80 o.1o"T / I N 0 
0.60" 
Vehicle I 0.50" 
2.00 100 10-20 0.40" 
2.40 120 10-20 0.30" 
3.20 160 20-30 0.20" 
4.00 200 20-30 0.10" 
4.80 240 40-60 
6.00 300 40-60 
I I 
0 10' 20' 30' 40' 50' 60' 70' 80' 
8.00 400 40-60 viewing distance in feet 
Figure 14: Correspondent x-height with viewing distance. Figure 15: Pattern of correspondent x-height with viewing distance 
Source: Mclendon, Charles and Blackistone, Mick. Signage: Graphic 
Communication in the Built World. New York: McGraw-Hill, 1981 :37. 
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indicates that the most legible ratio between a capital letter and lowercase letter is 4:3. In 
other words, if a capital letter occupies a full four-equal-segment of space in height, 
then the lowercase letter only possesses 3 segments in height of capital letter excluded the 
descender. Once the fixed standard is chosen, by multiplying either 3/4 of cap height or 4/3 
of x-height to determine the size of either. In other words, if the fixed standard is cap 
height, the size of lowercase must be 3/4 of the capital letter. For instance, hypothetically 
the viewing distance is 30 feet which corresponds to 1 inch cap height (refers to Figure 13) 
and to determine the size of lowercase with the ratio of 4:3, the size of lowercase is 1 "; mul-
tiply 3/4 of cap height equal to 3/4" for x-height (Figure 16) . 
• T 
-1 aXl f 
Figure 16: The ratio between uppercase and lowercase. 
In addition, enlarging the size of type does not necessary increase the legibility of 
type itself if the typeface itself is illegible. 18 For instance, when the word ice cream is set 
• 
in 12 point in comparison with ice cream set in 24 point, the letter c can still 
be easily mistaken as O, as well, the letter i can be misread as I. The distinctive character of 
the letter c is not significant enough to be differentiated from the letter o as well as to the 
letter i and I. The ratio of counter form to letter remains constant while the size of type 
shifts. This insufficient contrast of letterform diminishes the distinctiveness of individual 
letters and hampers legibility. 
18 Wheeler, Susan and Wheeler, Gary. Type Sense: Making Sense of Type on the Computer (Boston: 
International Thomson Computer Press, 1996) 40. 
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Another aspect of legibility is spacing. This includes interletter, interword and line 
spacing. Interletter spacing is the interval between letters. This horizontal space between 
letters is crucial for letter and word recognition. Much research indicates that applicable let-
ter spacing can enhance the degree of legibility. As Crosby states in A Sign Manual, "When 
assembling letters into words careful consideration must be given to the spaces between 
each character. As the forms of the letters are variable so are the spaces-and a badly spaced 
word not only hinders legibility but is also visually irritating. 19 The chart provided in Table 
4 indicates the suggested number of spacing units to differentiate one letter from another 
and as well to achieve visual balance.20 Negative numbers appear when two adjacent letters 
have either a slope or counter which points away from the vertical stroke in parallel direc-
tion (Table 4). The extra adjustment is inserted to produce satisfactory visual appearance. 
Furthermore, Claus and Claus state in Visual Communication through Signage, "When inter-
letter spacing is increased from 20 to 40 percent of the height of the letter, the speed with 
which the message can be read will increase as much as 25 percent. "21 Christie and Rutley, 
in their experiment found that the narrower spaces between letters, the less legible the let-
ters are.22 Another experiment conducted by Prince shows that maximum letter legibility 
and visibility are when each space between letters is half of width of a letter "O" .23 
Interword spacing is the interval between words. This interval is mainly affected by 
the interletter spacing because interword spacing must be distinctive from interletter spacing 
so that a group of letters can be perceived as a word. The similar increment of spacing 
between letters and words will cease to hold letters together as well as separate letters as a 
word. John Follis and Dave Hammer, in Architectural Signing and Graphics, suggest that a 
minimum of one-half the height of uppercase letter of word spacing for letters to be per-
19 Crosby, Fletcher and Forbes. A Sign Systems Manual (Great Britain: Studio Vista Ltd, 1970) 24. 
20 Crosby, Fletcher and Forbes. A Sign Systems Manual (Great Britain: Studio Vista Ltd, 1970) 50. 
21 Claus, Karen and Claus, James. Visual Communication through Signage. vol. l (Cincinnati : Signs of the 
Times, 1974) 15. 
22 Christie, A. W., and Rutley, K. S. "Relative Effectiveness of Some Letter Types Designed for Use on Road 
Traffic Signs," Road and Roads Construction 39 (1961): 242. 
23 qtd. in Claus 1: 15. 
23 
Table 4: Spacing chart for individual letters. 
A B c D E F G H I J K L M N 0 p Q R s T u v w x y z a b c d e f g h i i k I m n 0 p Q r s t u v w x y z I 2 3 4 5 6 7 8 9 0 ( ) - : & ? ! 
A 2 2 -2 2 2 2 -2 2 2 2 2 2 2 2 -2 2 ·2 2 0 -6 0 -7 -6 2 -8 2 1 2 0 0 0 0 0 2 2 -2 2 2 2 2 2 2 0 2 0 -2 I -4 -4 2 -3 2 -I 2 0 0 0 - I 2 I 0 -I -I -2 -4 -I 2 2 2 0 -4 2 
B 0 3 2 3 3 3 2 3 3 I 3 3 3 3 2 3 2 3 2 0 2 0 0 -I -I I 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 I I 0 I I I I 2 2 2 2 0 2 I 2 2 -3 2 2 2 2 2 2 I 2 
c 
- I 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 0 2 - I - I -2 -1 0 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 I l I 2 2 2 2 I 2 l 2 2 2 2 -3 2 2 2 2 2 2 2 2 
D 
-2 2 2 2 2 2 2 2 2 -I 2 2 2 2 2 2 2 2 2 -I 2 -I - I -3 -2 0 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 I 2 l l I I I l 2 2 2 2 2 0 2 2 2 2 -4 3 2 3 3 3 2 2 2 
E 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 I 3 2 3 2 2 2 2 2 3 3 -I 3 3 3 3 2 3 3 3 2 3 3 I I 2 2 3 I 3 2 1 2 2 2 2 2 2 2 - 1 3 3 3 3 3 2 1 3 
F 
-3 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 I 3 3 2 2 I 2 3 1 3 I 1 I I I 3 3 3 3 3 2 2 I 2 I 2 I 2 2 l I 0 I I 2 2 2 I I 2 3 l 2 2 2 0 3 3 3 3 3 0 2 3 
G 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 I 3 0 0 2 0 3 2 3 2 2 2 2 2 3 3 -I 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 3 2 3 3 2 2 2 2 2 2 2 2 -I 3 3 3 3 3 2 2 3 
H 2 3 2 3 3 3 2 3 3 2 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 -1 3 3 3 3 3 2 2 3 
I 2 3 2 3 3 3 2 3 3 I 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 3 3 3 3 3 2 2 3 
J 0 3 2 3 3 3 2 3 3 I 3 3 3 3 2 3 2 3 2 2 3 2 2 I 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - I 3 3 3 3 3 2 2 3 
K 2 2 -3 2 2 2 -3 2 2 2 2 2 2 2 -3 2 -3 2 -I I I I l 2 I 2 0 2 -2 -2 
-2 0 0 2 2 -I 2 2 2 2 -2 2 -2 2 - I -2 2 -4 -4 3 - I 3 -1 2 -1 -1 0 -2 I -1 .J -2 -2 0 I -2 2 2 2 0 -2 3 
L 2 2 - I 2 2 2 - I 2 2 2 2 2 2 2 -I 2 -I 2 I -6 I -6 -5 2 -7 2 2 2 0 0 0 0 I 2 2 I 2 2 2 2 0 2 0 2 I -I 2 -3 -3 3 -2 3 -I 2 I -2 2 0 0 2 -I 0 0 -l -2 -l 2 2 2 I -5 3 
M 2 3 2 3 3 3 2 3 3 2 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 0 3 3 3 3 3 2 2 3 
N 2 3 2 3 3 3 2 3 3 2 2 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 0 2 3 3 3 3 2 2 3 
0 
-I 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 0 2 - l -l -2 -2 0 I 2 2 2 2 2 2 2 2 -2 2 2 2 2 2 2 2 2 2 l 2 l I l I l I 2 2 2 I 2 0 2 2 2 2 -4 I 2 2 2 2 I I 2 p 
-4 2 2 2 2 2 2 2 2 -4 2 2 2 2 2 2 2 2 2 I 2 I l -l 0 I 2 2 I l I 2 I 2 2 -2 2 2 2 2 l 2 I 2 2 2 2 2 2 2 2 I 2 2 2 -I I 2 I 2 2 l 2 -2 2 I 2 -3 -3 -I 2 2 
Q 
-I 2 2 2 2 2 2 2 2 -3 2 2 2 2 2 2 2 2 2 0 2 - I -I -2 -2 0 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 I I l I I I 2 2 2 I 3 0 2 2 2 2 -4 I 2 2 2 2 I I 2 
R 2 2 I 2 2 2 I 2 2 I 2 2 2 2 I 2 I 2 2 I 3 I l 2 0 2 2 2 I I I 2 2 2 2 2 2 2 2 2 l 2 I 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 3 
s 0 2 2 2 2 2 2 2 2 -4 2 2 2 2 2 2 2 2 2 0 2 0 0 I 0 I 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 I I I I I I 2 2 2 2 2 I 2 2 2 2 -3 2 2 2 2 2 2 2 2 
T 
-6 2 -I 2 2 2 -I 2 2 -3 2 2 2 2 -I 2 -I 2 I 3 3 2 2 2 2 3 -5 2 -5 -5 
-5 0 -5 2 3 2 2 2 I I -5 l -5 I -4 I I -3 -3 -4 -3 -3 2 I I -5 I 0 3 l 0 0 0 0 3 0 0 0 0 -I 0 0 
u 0 3 2 3 3 3 2 3 3 -2 3 3 3 3 2 3 2 3 2 2 3 2 2 I 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 -I 3 3 3 3 3 2 2 3 
v 
-7 2 -2 2 2 2 -2 2 2 -4 2 2 2 2 -2 2 -2 2 0 2 2 2 2 2 2 2 -2 2 -3 -3 
-3 0 -3 2 2 2 2 2 I I -3 I -3 I -2 0 I 0 0 0 0 0 I 0 I -4 -I -1 2 0 0 I ·I 0 2 -2 0 -I -1 -2 0 2 
w 
-5 2 - I 2 2 2 -l 2 2 -3 2 2 2 2 -1 2 -I 2 0 2 I 2 2 2 2 2 -2 2 -2 -2 
-2 0 -2 2 2 2 2 2 I I -2 l -2 I - 1 0 I I I 0 I -1 I I I -3 0 0 2 0 0 0 0 0 2 -I 0 -1 -I -2 1 2 
x 2 2 -2 2 2 2 -2 2 2 2 2 2 2 2 -2 2 -2 2 2 I 2 I l 2 I I 0 2 - I .J 
-I 0 -I 2 2 2 2 2 2 2 -I 2 -I 2 - I -2 2 -3 -3 2 -3 2 -I 2 0 -2 0 -1 I 0 -I -1 -I 0 2 -2 2 2 2 0 -2 2 y 
-7 2 -2 2 2 2 -2 2 2 -4 2 2 2 2 -2 2 -2 2 -1 2 3 2 2 2 2 2 -4 2 -4 -4 
-4 -1 -4 2 2 2 2 2 - I -I -4 -1 -4 -1 -3 -I -I 0 0 -I -l -2 0 0 0 -6 -I -2 2 -1 -1 -2 -I 0 2 -4 -I -3 -3 -3 0 2 
z 2 2 I 2 2 2 I 2 2 3 2 2 2 2 I 2 I 2 2 1 ? 2 2 2 I 3 2 2 I I 1 1 I 2 2 2 2 2 3 1 I 3 1 3 1 I) 2 1 1 ? I) 1 1 2 ? -1 2 I ? 1 l I I 0 ? -2 3 3 3 l I 3 
a 2 3 2 3 3 3 2 3 3 2 3 3 3 3 2 3 2 3 2 -6 3 -2 -2 2 -4 2 2 3 2 2 2 2 2 3 3 -I 3 3 3 3 2 3 2 3 2 I 2 1 I 2 I 2 3 3 2 2 2 2 0 2 2 2 2 -I 3 3 3 3 3 2 I 3 
b 
-1 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 -6 2 -3 -3 -2 -5 0 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 0 0 -I 0 l -I I 2 2 2 2 -3 2 2 2 2 4 I 2 2 I l 2 0 2 
c 
-1 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 -6 2 -3 -3 -2 -5 0 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 0 0 -I 0 l -I l 2 2 2 2 -3 2 2 2 2 4 l 2 2 I l 2 0 2 
d 2 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 0 3 3 3 3 3 2 2 3 
e 
-I 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 -6 2 -3 -3 -2 -5 0 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 0 0 -I 0 l -1 l 2 2 2 2 -3 2 2 2 2 4 l 2 2 I l 2 0 2 
f 
-3 3 I 3 3 3 I 3 3 -2 3 3 3 3 I 3 I 3 2 3 3 2 2 1 2 3 I 3 0 0 0 0 0 3 3 3 3 3 3 3 0 3 0 3 I 3 2 2 2 I 2 2 3 2 2 -2 2 2 3 2 2 2 2 -I 3 -2 3 -I -I 0 2 3 
g 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 -4 3 -2 -I 2 -2 3 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 3 0 3 2 3 2 2 0 2 2 2 2 -1 2 3 3 3 3 2 2 3 
h 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 -6 3 -2 -I 2 -4 3 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 I 3 I 1 2 I 3 0 3 2 3 2 2 0 2 2 2 2 0 I 3 3 3 3 2 I 3 
i 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 3 3 2 2 2 2 3 2 3 2 2 2 3 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 3 3 2 2 3 2 2 3 2 2 2 3 0 3 3 3 3 3 2 2 3 
j 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 1 3 3 2 2 2 2 3 2 3 2 2 2 3 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 3 3 2 2 3 2 2 3 2 2 2 3 0 3 3 3 3 3 2 2 3 
k 2 2 0 2 2 2 0 2 2 2 2 2 2 2 0 2 0 2 2 -2 2 0 0 2 -2 2 0 2 -I -1 -I I -I 2 2 2 2 2· 2 2 - I 2 -1 2 -1 I 2 2 2 2 2 2 2 2 I - l 0 0 0 I I I 0 0 2 -2 2 2 2 0 2 2 
I 2 3 2 3 3 3 2 3 3 2 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 0 3 3 3 3 3 2 2 3 
m 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 -6 3 -2 -I 2 -4 3 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 l 3 l I 2 I 3 0 3 2 3 2 2 0 2 2 2 2 0 I 3 3 3 3 2 l 3 
n 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 -6 3 -2 - I 2 -4 3 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 1 3 I I 2 I 3 0 3 2 3 2 2 0 2 2 2 2 0 I 3 3 3 3 2 I 3 
0 
-1 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 -6 2 -3 -3 -2 -5 0 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 0 0 -I 0 I -I I 2 2 2 2 -3 2 2 2 2 4 I 2 2 1 I 2 0 2 
p 
-I 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 -6 2 -3 -3 -2 -5 0 2 2 2 2 2 I I 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 0 0 -I 0 I -I I 2 2 2 2 -3 2 2 2 2 4 I 2 2 I I 2 0 2 
q 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 -4 3 -2 -I 2 -2 3 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 3 0 3 2 3 2 2 0 2 2 2 2 2 2 3 3 3 3 2 2 3 
r 
-3 2 2 2 2 2 2 2 2 -4 2 2 2 2 2 2 2 2 2 -3 2 - I -1 -3 -3 -2 -I 2 I I I 2 I 2 2 2 2 2 2 2 I 2 I 2 I l 2 I I 0 I I I 2 I I I 2 -2 l 2 2 2 -4 I 2 2 -3 -3 0 I 2 
s 0 2 2 2 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 -6 2 -2 -2 -I -4 I 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 0 0 0 0 I 0 2 2 2 2 2 -2 2 2 2 2 3 I 2 2 I I 2 0 2 
t 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 I 3 I I 2 -I 3 2 3 0 0 0 3 0 3 3 I 3 3 3 3 0 3 0 3 I 3 3 2 2 2 2 3 3 3 2 -I 2 2 I 2 2 2 2 0 3 -2 3 3 3 I 2 3 
u 2 3 2 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 2 -4 3 -2 I 2 -2 3 2 3 2 2 2 2 2 2 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 3 0 3 2 3 2 2 0 2 2 2 2 -I 2 3 3 3 3 2 2 3 
v 
-I 2 I 2 2 2 l 2 2 -3 2 2 2 2 I 2 I 2 2 -3 2 0 0 -2 -I 0 -I 2 - I -I -1 2 -1 2 2 2 2 2 2 2 -I 2 -1 2 0 2 2 2 2 2 2 I 2 2 2 -I 0 I -4 l I I I -4 2 0 2 -2 -2 0 2 2 
w 
-4 2 I 2 2 2 I 2 2 -3 2 2 2 2 I 2 I 2 I -3 2 0 0 -2 -I 0 -I 2 - I -I -1 2 -I 2 2 2 2 2 2 2 - I 2 -1 2 0 2 2 2 2 2 2 I 2 2 2 -I 0 I -4 l I I l -4 2 0 2 -2 -2 0 2 2 
x 2 2 0 2 2 2 0 2 2 2 2 2 2 2 0 2 0 2 2 -4 2 -I -I 2 -2 2 0 2 -2 -2 -2 I -2 2 2 2 2 2 2 2 -2 2 -2 2 -I 2 2 I I 2 I 2 I 2 I -2 -1 0 0 l 0 0 0 -1 2 -2 2 2 2 -I l 2 
y -4 2 I 2 2 2 I 2 2 -2 2 2 2 2 I 2 I 2 2 
-4 2 0 0 -3 -I 0 0 2 0 0 0 2 0 2 2 2 2 2 2 2 0 2 0 2 l 2 2 2 2 2 2 I 2 3 2 -I 0 I -3 1 2 2 l -3 3 0 2 -2 -2 0 2 2 
z 2 3 I 3 3 3 I 3 3 3 3 3 3 3 I 3 I 3 2 -4 3 -I -I 2 -2 3 2 3 I l I 2 I 3 3 3 3 3 3 3 I 3 I 3 I 2 3 ? 2 2 2 3 2 3 2 -I 2 1 0 ? I 1 1 0 2 0 2 2 2 I 2 3 
I 2 3 2 3 3 3 2 3 3 2 3 j 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 0 3 3 3 3 3 2 2 3 
2 2 3 I 3 3 3 I 3 3 3 3 3 3 3 I 3 I 3 2 I 2 0 0 2 0 3 2 3 2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 2 I 3 I l 2 1 3 I 3 2 -I 2 I I 2 I I I 0 2 2 3 3 3 2 2 3 
3 0 2 2 2 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 0 2 0 0 -I -I I 2 2 2 2 2 1 2 2 2 2 2 2 2 3 2 3 2 3 2 I 3 I I I l I I 2 2 2 2 2 I 2 2 2 2 -3 2 2 2 2 2 2 I 2 
4 0 3 2 3 3 3 2 3 3 0 3 3 3 3 2 3 2 3 2 -2 3 -2 -2 -I -2 I 2 3 2 2 2 1 2 3 3 3 3 3 3 3 2 3 2 3 2 0 3 -I -I -I -I 0 0 I 2 3 2 2 -I 2 2 2 2 -3 0 3 3 3 3 2 -2 2 
5 0 2 2 3 3 3 2 3 3 I 3 3 3 3 2 3 2 3 2 I 2 0 0 -I 0 I 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 0 0 0 0 2 I 2 3 2 2 2 I 2 2 2 2 -I I 2 2 2 2 2 0 2 
6 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 I I 2 0 0 -I -I 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 2 2 2 2 I 2 2 2 2 -3 2 2 2 2 2 2 l 2 
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-6 2 0 2 2 2 0 2 2 3 2 2 2 2 0 2 0 2 2 3 3 2 2 I 2 3 -2 2 -2 -2 -2 l -2 2 2 2 2 2 I I -2 I -2 l -I I I 2 2 l l 0 2 2 2 -3 0 0 3 I I l 0 0 3 -2 l -2 -2 -I l 3 
8 0 2 I 2 2 2 I 2 2 2 2 2 2 2 1 2 l 2 2 I 2 0 0 -l -I l 2 2 2 2 2 l 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 1 l l l I I I 2 2 2 2 I 2 2 2 2 -2 2 2 2 2 2 2 I 2 
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-I 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 0 2 - I -I -2 -I 0 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 I 2 I 2 2 2 2 2 I 2 2 2 -3 2 2 2 I I 2 2 2 2 
0 
-1 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 0 2 - I -1 -2 - I 0 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 I I 2 2 2 2 2 I 2 2 2 2 -3 2 2 2 I I 2 2 2 
( 0 0 -4 0 0 0 -4 u u 0 0 u 0 0 -4 0 -4 0 -2 0 0 0 0 0 0 0 2 0 -3 -3 -3 -2 -3 0 0 2 0 0 0 0 -3 0 -3 0 -3 -3 0 -4 -4 -1 -I 0 -2 0 -2 -3 -3 -4 0 
-3 -3 -3 -4 3 0 -3 0 0 0 -3 -3 0 
) 
-1 2 2 2 2 2 2 2 2 0 2 2 2 2 2 2 2 2 2 0 2 - I -I -2 -2 0 I 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 l 2 I l l I I I 2 2 2 2 2 0 2 2 2 2 -4 l 2 2 I l 2 l 2 
-5 3 0 3 3 3 0 3 3 -3 3 3 3 3 0 3 0 3 I 3 3 2 2 I 2 3 -l 3 -2 -2 -2 I -2 3 3 3 3 3 3 3 -2 3 -2 3 -2 2 3 2 2 I I 0 3 2 I -5 0 0 3 l l l I 0 3 0 2 2 2 0 2 3 
-I 3 2 3 3 3 2 3 3 -3 3 3 3 3 2 3 2 3 2 -7 2 -2 -2 -3 -5 -1 I 3 2 2 2 l 2 3 3 -I 3 3 3 3 2 3 2 3 2 0 3 0 0 -I 0 0 0 0 2 2 l 2 -3 2 2 2 2 -4 0 3 3 0 0 2 0 3 
: 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 -4 3 -I -1 2 -2 3 2 3 2 2 2 3 2 3 3 -I 3 3 3 3 2 3 2 3 2 2 3 2 2 2 2 3 1 3 2 2 2 2 0 2 2 2 2 0 2 3 3 3 3 2 2 3 
2 3 0 3 3 3 0 3 3 3 3 3 3 3 0 3 0 3 2 -4 3 -6 -6 2 -6 3 2 3 2 2 2 I I 3 3 I 3 3 3 3 I 3 I 3 l I 3 -2 -2 2 -2 3 1 3 2 2 2 I I 2 I I 0 0 -6 0 3 3 3 2 -3 3 
2 3 0 3 3 3 0 3 3 3 3 3 3 3 0 3 0 3 2 -4 3 -6 -6 2 -6 3 2 3 3 3 3 l I 3 3 I 3 3 3 3 I 3 I 3 l l 3 -2 -2 2 -2 3 I 3 2 2 2 I I 2 I I 0 0 -6 0 3 3 3 2 -3 3 
& 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 I -5 2 -3 -3 2 -5 2 l 2 2 2 2 0 2 2 2 I 2 2 2 2 2 2 2 2 2 I 2 -1 - 1 2 0 2 0 2 I l I 2 0 I I I 2 -I 0 2 2 2 2 I -3 2 
? 
-4 2 2 2 2 2 2 2 2 -3 2 2 2 2 2 2 2 2 2 I 2 0 0 -I -I I 0 2 0 0 0 2 0 2 2 -2 2 2 2 2 0 2 0 2 0 2 2 2 2 2 2 I 2 2 2 -2 - I I 2 l I I l 3 2 0 2 -2 -2 0 2 2 
! 2 3 2 3 3 3 2 3 3 3 3 3 3 3 2 3 2 3 2 3 3 2 2 2 2 3 3 3 2 2 2 3 2 3 3 I 3 3 3 3 2 3 2 3 2 3 3 2 2 2 2 3 3 3 2 3 2 2 3 2 2 2 2 -I 3 3 3 3 3 2 2 3 
Source: Crosby/Fletcher/Forbes. A Sign Manual. London: Studio Vista Ltd. 1970:50-51. 
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ceived as a word. Edward Johnson, who designed an alphabet for London Underground 
Railway, advocated a word space equal to the width of lowercase o. 
Research on the effects of interlinear spacing to maximum legibility has indicated 
that a distance of two stroke widths between letters improves legibility. 24 McLendon and 
Blackistone suggest a ratio of two-thirds of cap height to obtain maximum legibility. 
Charles de Gaulle Airport, Paris, uses an interlinear spacing ratio of one-third of cap 
height,25 Figure 17 illustrates the differences. 
GOLD CONCOURSE 
Two stroke width<; C 
GATES 1-20 
WofcapheightLGold Concourse 
Gates 1-20 
IBofcapheight C Gold Concourse 
Gates 1-20 
Figure 17: Examples of interlinear spacing based on various research. 
Weight also affects the legibility. Several studies have investigated the effects of let-
ter height to stroke width ratio on the legibility of signs. Uhlaner found that "the optimal 
stroke width was 18% of letter width or height." This ratio is approximately 6:1.26 Another 
study by Claus and Claus states that the optimal ratio between letter height and stroke width 
is 6: 1 to 8: 1. James Kuntz's experiment also shows the ratio of a height versus stroke width 
of 6: 1 produce the maximum legibility of letters.27 The proportion of these ratios affects the 
heaviness of the letter itself (boldness) because a typeface set in bold for better visibility 
24 Christie et al., 242. 
25 Frutiger, Adrian. Type Sign Symbol (Zurich: Editions ABC, 1980) 84. 
26 Carr, Stephen. City Signs and Lights: A Policy Study (Massachusetts: The MIT Press, 1973) 164. 
25 
may be overwhelmed by the heaviness of letter strokes. Lukiesh and Moss's experiment 
reports that the visibility of the individual letter increases as the thickness of the stroke 
width increases, while the readability of letters simultaneously decrease. The reason that the 
readability of the individual letter decreases is because the counter form of each letter is 
condensed, while the haviness of the stroke width expands. Hence, while the visibility of 
bold typeface increases, the recognizability of individual letters decreases because the coun-
ters inside the letters are compressed. The diagram below (Figure 18) shows· the relation-
ship of letter boldness versus visibility and readability which was recorded by measuring 
the blinking rate of the eyes in relation to the boldness of letters. 
II. Readability 
Readability describes the reader's ability to identify and comprehend words. Claus 
and Claus explain readability as "The quality which enables the observer to correctly per-
ceive the information content of letters or numbers grouped together in words, sentences, or 
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Figure 18: The result of Luckiesh and Moss's experiment. 
27 Kuntz, E. James and Sleight, B. Robert. "Legibility of Numerals: The Optimal Ratio of Height to Width of 
Stroke," American Journal of Psychology 63 (1950): 569. 
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other meaningful relationship. "28 Elements that affect the degree of readability are word 
pattern, marginal spacing and color. 
In an experiment conducted by Breland and Breland for determining the degree of 
readability on capital versus lowercase letters shows that readability increases 18.9% when 
letters are set in lowercase as opposed to letters set in capitals. In another study, Paterson 
and Tinker demonstrate that there is 11.8% loss of readability in reading display type set in 
all capitals in comparison with lowercase. According to Forbes and Moscowitz's research, 
the increase in the percentage of readability from capital to lowercase letters is due to the 
individual's recognition of overall word patterns (Figure 19). Ralph Norman Haber conduct-
ed an experiment, which shows that it is the shapes of the whole words, apart from the indi-
vidual letter features, that increase the degree of word recognition. 29 Furthermore, Wheeler 
and Wheeler state that the degree of readability increases due to the fact that words com-
posed in lowercase exhibit distinctive word patterns whereas the patterns are absent when 
type is set in all capital. "Readers use the word's shape created by the accumulated letters 
to identify each word, rather than the shape of each individual letter. "30 The word character-
ized by an even word outline reduces the recognizability of word itself. Carter, Day, and 
Meggs, authors of Typographic Design: Form and Communication, state "Text set in lower-
case letters forms words that are distinct, based upon their irregular word shape and internal 
pattern. A variety of letter shapes, ascenders, and descenders provides rich contrasts that 
assure satisfactory perception. "31 
28 Claus, Karen and Claus, James. Visual Communication through Signage. vol. I (Cincinnati: Signs of the 
Times, 1974) 2. 
29 Haber N. Ralph and Harber R. Lyn. "Visual Components of the Reading Process," Visible Language 15.2 
(1981):173. 
30 Wheeler, Susan and Wheeler, Gary. Type Sense: Making Sense of Type on the Computer (Boston: 
International Thomson Computer Press, 1996) 41. 
31 Carter, Rob., Day, Ben., and Meggs, Philip. Typographic Design: Form and Communication (New York: 
Van Nostrand Reinhold, 1993) 89. 
~[Cfafm 
IBAGGAGEJICLAIMI 
Figure 19: Word pattern: the outlines illus-
trate that lowercase letters exhibit a dis-
tinctive character word pattern. 
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Christie and Rutley, in their experiment 
to determine what marginal space gives 
maximum readability distance, found that 
the optimum spacing for signs is about 
twice the stroke width of the lettering. This 
result is consistent with the experiment con-
duct by Bridgeman and Wade found that the twice stroke width of the lettering for marginal 
space provides the most readable distance in comparison to 1-stroke width and 3-stroke 
widths. Figure 20 shows the example used in Christie and Rutley's experiment. 
Figure 20: Effect on legibility of different stroke width of marginal spaces: 1, 2, and 3 from 
left to right. 
Adequate color contrast can enhance the readability of letters. Pollet and Haskell 
state "Some color combinations are difficult for the eye to perceive. Studies on readability 
and color in signage conclude that the most important consideration is the contrast between 
the background color and the color of the lettering. "32 One experiment conducted by Karl 
Borggrafe tested the degree of readability with l .5cm letter height on 1 Ox25cm colored 
cards to determine the best combination of figure/ground relationship for maximum read-
ability. The result is listed in Table 5. Another experiment, on the legibility of various 
combinations of colors in electrical advertising for reading at a considerable distance, 
excluded the combinations of black on white because statistics show the results of using 
32 Pollet, Dorothy and Haskell C. Peter. Sign Systems for Libraries: Solving the Wayfinding Problem. New 
York: R.R. Bowker Company, 1979: 238. 
Figure 20: Contrast of color for better readability (the smaller the Borggrafe's ranking number, the better the readability) and light 
reflectance percentage* (the higher the percentage, the larger brightness differential). 
*The light reflectance percentage for individual color was provided by paint manufacturers. 
Borggrafe's Light 1st Color: Letters Borggraf e's Light 
Ranking Reflectance 2nd Color: Background Ranking Reflectance (%) (%) 
1st Color: Letters 
2nd Color: Background 
Black on Yellow 1 89% 16 38% 
2 80% Blue Liil Orangt: 17 56% 
Green on White 3 80% u~lll-!IMIHDI 18 76% 
Red on White 4 84% .. J 
,1 . . ·, 
19 13% 
Black on White 5 91% 20 82% 
6 82% t~ri~~~DGI~ ite ,on ed' Ft~~~NilRaU 21 I 84% 
7 79% 22 38% 
8 82% 23 60% 
9 91% HllHIR---lllRHI 24 I 53% 
Green on Yellow 10 76% 25 60% Hues LR(%) 
Black on Orange 11 76% 26 56% Red 13% 
I 
Yellow 71% 
12 82% 27 52% Blue 15% Rell on Yclhm 
13 I 76% 28 62% Orange 34% Green 17% Orant:c '111 Hlad, 
14 I 79% 29 24% Black 8% 
Grey 19% · i 'Y~llo\v on Blue 
: j ; ' 1 \v~itc ()ti Green · · ; 15 I 80% 30 50% White 85% 
I N 00 
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color in outdoor advertising were 30 to 300 percent greater than using black and white.33 
The rank of readability from most readable to least readable in this respect is listed in 
Figure 21.34 
1. Black on Yellow 7. White on Red 
2. Green on White 8. White on Green 
3. Red on White 9. Red on Yellow 
4. Blue on White 10. Green on Red 
5. White on Blue 11. Red on Green 
6. Yellow on Black 
Figure 21: The rank of readability in electrical advertising. 
The result of Paterson and Tinker's experiment, on the other hand, shows that high-
est ranking of color combination for readability when reading at a distance is black on white 
and the highest perceptibility of color combination is blue on white. In this study, percepti-
bility was measured in terms of the distance at which a word can be perceive accurately. 
The results of this study are shown in table 6. Both Luckiesh, Paterson and Tinkers con-
elude that it is the brightness contrast between two colors that produces perceptibility differ-
ences. 
These differences are mainly affected by the values of light reflectance of paint. 
These values can be used in calculating the brightness differential. The higher the value of 
the brightness differential, the better the readability of letters. The formula is listed as fol-
lows according to Authur and Passini: 
Bl-B2 
B3 
x 1 OO=reflectance in percentages 
33 Luckiesh, Matthew. Light and Color in Advertising and Merchandising. New York: D. Van Nostrand 
Company, 1923: 89. 
34 Luckiesh, Matthew. Light and Color in Advertising and Merchandising. New York: D. Van Nostrand 
Company, 1923: 250. 
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The letters B 1 stands for the percentage of light reflectance of the brighter color of the two, 
and B2 is for the darker of the two colors.35 The acceptable percentage for signage purpos-
es is 75 percent or higher. Any combination lower than 75 percent would result in readabil-
ity loses. As oppose to the results of Borggrafe's experiment, conducted in 1979, the calcu-
lations of brightness differential of figure/ground relationship can be determined based on 
the light reflectance measurement of each color used in outdoor advertising provided by 
paint manufacturers. The results show that black letters on white ground have the highest 
percentage of readability, rather than black on yellow. The calculations of the percentage of 
light reflectance are listed in Table 5 as a comparison to Borggrafe's results. 
Table 6: Ranking of color combination according to Paterson and Tinkers experiment. 
Color Combination Readability Performance Perceptibility 
(Rank Order) (Rank Order) 
Black on White 1 4 
Green on White 2 3 
Blue on White 3 1 
Black on Yellow 4 2 
Red on Yellow 5 6 
Red on White 6 7 
Green on Red 7 5 
Orange on Black 8 8 
Orange on White 9 10 
Red on Green 10 11 
Black on Purple 11 9 
35 McLendon et al, 41 . 
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CHAPTER3 
METHODOLOGY 
The Minneapolis-St. Paul International (MSP) Airport was chosen for this case study 
because of its outstanding systematic signing system. It was proven to be one of the most 
legible, recognizable, and understandable utilization of graphic signing systems among 
many other airports in the nation. 36 The challenge of this study is to determine how each 
design element is integrated in the airport signing system that succeed in communicating 
with a variety of users. This chapter contains the analysis of signing systems at MSP 
International Airport in comparison with Ames downtown kiosks. This comparative matrix 
identifies the specific visual problems that occur in existing informational kiosk. Combining 
the evaluation matrix whose criteria are utilized from the result of research experiments dis-
cussed in literature review would provide the framework for improving existing informa-
tional kiosk graphics. 
The design elements used to compare the signing system of MSP International 
Airport and existing informational kiosks involves three categories: typographical, design 
and physical attributes. Issues that are defined as crucial to cognitive and ergonomic factors 
falls into typographical category. Design category consists of elements that integrated lev-
els of information as a system. Physical attributes involve issues that affect the ergonomic 
factors. Evaluated by the criteria derive from the results of various research for increasing 
legibility, visibility and recognizability of signs, recommendations for redesigning informa-
tional kiosks will be developed and a pattern will emerge for prototype development. 
Case Study 
The MSP International Airport is located south of the twin cities in Minnesota. It 
schedules flights to 17 5 domestic cities, 11 Canadian cities, and 13 European and Asia des-
36 United States. Department of Transportation. Desi~n. Art & Architecture of Airports (Washington DC: 
GPO, 1981) 59. 
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tinations and processes 800 passengers per hour. In the 1999 airport commission report, the 
MSP International Airport ranked the 12th busiest airport in the country (www.mspairport. 
com/news/index.html). Its signing system has been determined to be one of the most effi-
cient in directing travelers to their desired destination. 
The MSP International Airport contains one major terminal, Lindbergh, which 
extends to four elongated concourses (Figure 22). The terminal includes two levels: ticket 
and baggage that connect to a third level of parking ramps with two enclosed skyways. The 
ground transportation center is segregated from the major structure with stairways adjoined 
to the baggage level and parking ramps. The four elongated concourses expand from the 
north side and encircle the west and east side of the main terminal. Each concourse is signi-
fied with a signature color for identification: gold, red, blue and green. The gold concourse 
includes international arrivals facilities, customs, agricultural, immigration administration 
offices, gates from one through twenty and converge onto the red concourse which accom-
modates gates twenty-one to forty. The blue concourse encompasses gates forty-one to sixty 
and merges into green concourse with gate sixty-one to ninety. 
It is clear that the information is categorized to follow the hierarchical sequencing 
which is established prior to the graphic development of the signing system (Figure 23). 
The dominant information involves messages for orientation and direction that facilitate 
users' sense of spatial organization. These types of information compose the basis of MSP 
International Airport's signing system. The subdominant information identifies a specific 
area, room or business, such as the customs area, restroom and coffee shop. The subordinate 
information is required by the Civil Aeronautics Board (CAB) and U.S. Code of Federal 
Regulations (CFR) to state passenger rights and compensation. These notices include 
"Notice of Traffic Posting," "Limitation of Liability for Death or Injury," and "Notice of 
Baggage Liability Limitations." 
After the priority of information is identified, design components are applied 
depending on the sequencing of individual hierarchical grouping. The categories that are 
33 
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Figure 22: The color coded system (left) and pictograms (above) used in MSP International Airport. 
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[ MSP International airport 
.. 
I I. Dominant Information i 
A. Orientation B. Direction 
a. AIGA PictogramSystem a. AIGA PictogramSystem 
b. Name of Concourse b. Name of Concourse 
c. Gate Numbers c. Gate Numbers 
d. Directed Area d. Arrow 
A. Identification (of Service or Room) 
a. AIGA Pictogram System 
b. Subordinate MSP Pictograms 
c. Supplementary Short Verbal Message 
d. Translation 
.. 
I I 
A. Warning B. Notice 
a. Verbal rvf essage a. Types of Notice 
b. Subordinate Pictogram b. Long Verbal Interpretation 
Figure 23: The hierarchical sequencing of MSP International Airport and applied design components. 
I 
1. Color Coded Frames When Indicating the Concourse 
2. Color Coded Pictograms forthe Indicate of Concourse (Correspendent 
with the Color of the Concourse) 
3. Black Illustrated Pictograms on White Confined Space for the Indication 
of Area It Leads to. 
4. White Letters on Black Background 
5. 3-Stroke Width of Marginal Space 
6. Left Justification 
1 
1. Reversed Pictograms (White on Gray Background) 
2. White Letters on Gray Background 
3. 3-Stroke Width of Marginal Space 
4. Left Justification 
I 
1. Predominent by Black Letters on White Background 
2. Red Pictograms for Warning Sign 
3.Center Justification for Warning Signs 
I 
1. Helvetica 
2. Combination of Uppercase and Lowercase 
3. Even Letterspacing 
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classified under the same grouping contain the same graphic characteristics, as well as 
their placements within the building. The dominant information which dominates orienta-
tional and directional information are projected in the air within a 10 degree angle from the 
natural line of vision and across the corridor for accommodating maximum users. Each sign 
is set approximately fifty feet apart. The size of this type of sign is largest and most promi-
nent in the MSP International Airport information hierarchy. 
The subdominant information is smaller in size compared to the dominant informa-
tion. The value of color is diminished and deviates from the color-coded system that estab-
lishes the visual hierarchy. Its contents are essentially interpreted with a pictogram in com-
bination with short verbal translation. As opposed to white letters on a black background 
with color coded outline applies in dominant information; the initial colors of subdominant 
information are white on gray. The placement of subdominant signs is side fixed as opposed 
to top fixed as the dominant information at the MSP International Airport. The determina-
tion of its height is aligned with the lowest point of the dominant information to ensure the 
clarity of either. The size of the sign is approximately 1 foot by 1 foot. 
The subordinate information is often placed under eye level and generally used to 
indicate what the general public must be aware of. They are often combined into one sign 
and the lettering is required to be at least 1/4 of an inch high by CAB. 37 This type of sign is 
dominated by verbal messages due to the difficulty of transforming warning messages with 
a pictogram or short verbal message. The overall color scheme is black on white unless the 
messages contain a warning. The word "notice" or "warning" often is highlighted with the 
color red to emphasize its cautions. The placement of the sign is predominantly flat fixed. 
The pictogram system adapted in the MSP International Airport is diverted from 
AIGA system and appends 11 extra symbols for the identification of special services. Those 
services include barber shoe shine, book store, business service, cash machine, elevator, 
37 American Association of Airport Executives, et al. Guidelines for Airport Signing and 
Graphics (Washington DC: Air Transport Association of American, 1984) 171 . 
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flight insurance, game room, ground transportation, security, servicemen's center and snack 
bar/restaurant (Figure 21). They are subordinate used in the signing system whereas the 
symbols deviated from the AIGA system are adapted as essential elements within the sign-
ing system in the MSP International Airport. 
Comparative Matrices 
The comparative matrix is designed to evaluate the MSP International Airport's sign-
ing system and informational kiosks in downtown Ames, Iowa. This matrix serves as the 
elementary provision for the evaluation matrix. It compares the individual design compo-
nents that applied to both cases. Those components are distributed under three categories: 
I) Typographical, II) Design and III) Physical attributes. The typographical category con-
sists of elements that affect the result of various cognitive factors: 1) typeface, 2) type size, 
3) ratio of cap-height versus x-height, 4) interletter, 5) interword, 6) interlinear spacing, 7) 
ratio of stroke width versus letter height, and 8) word pattern. The design category contains 
the elements that establish the visual consistency, unity, and hierarchy of the system: 1) 
color, 2) grid structure and 3) system hierarchy. The physical attributes are measures that 
affect the outcome of ergonomic factors. They are 1) placement, 2) size, 3) angle of sign 
and 4) viewing distance. Those elements are composed into a comparative matrix (Figure 
24) to determine the differentiation of two cases. 
It is apparent from the comparative matrix that there are disparate characteristics in 
visual components as well as the visual hierarchy between MSP International Airport and 
informational kiosks in downtown Ames, Iowa. Three distinctive characters of differentia-
tion are identified: 1) the sequence of information hierarchy, 2) the incorporation of visual 
components, and 3) the strategies of integrating levels of information. In the other words, 
the visual components follow the information sequence and incorporate with repetitive 
details to various levels of information for consistency and unification in MSP International 
Airport; whereas the visual components are apportioned monotonously to informational 
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Subjects Existing Informational Kioks MSP International Airport in Downtown Ames, Iowa 
Typographical 
Categories 
Helvetica 
Typefaces Helvetica Regular AGaramond Condensed Helvetica Medium Optima 
Times 
Heading: 144 Points(2") 
Primary: 375 Points (3112") Sub-Heading: 127 Points (13t4") Categorization: 36 Points (1/2") Type Sizes Secondary: 105 Points (I") Business Index: 26 Points (5/8") Tertiary: 45 Points (3/8") Orientational Information: 20, 18 and 10 Points 
(518", 114" andl/8") 
12:7and 12:5 (Heading) 
Ratio of Cap-Height 4:3 13:9 (Sub-Heading) Versus X-Height All Cap (Categorization) 
4:2.5 (Business Index) 
3: 1 or All Cap (Orientational Information) 
33% of Letter Height (Heading) 
Interletter Spacing 25% of Letter Height Tightly Kerned Between Letters in Sub-Heading, Categorization, Business Index, and Orientation 
Information. 
33% of Cap-Height (Sub-Heading) 
Interword Spacing 70% of Letter Height Variance between Businesses and Addresses (Business Index) 
4 Points (Orientation Information) 
Interline Spacing 
-10% of Cap-Height (Heading) 
50% of Letter Height 10% of Cap Height (Categorization and Business Index) 
30% of Cap-Height (Orientation Information) 
1:13 and 1:5 (Heading) 
Ratio ofStroke Width 1:6 1 :8 Points (Sub-Heading) Versus Letter Height I :9 Points (Categorization) 
1 :8 Points (Business Index) 
1:9, 1: JO and 1:6 (Orientational Information) 
Combination of Uppercase and Lowercase in 
Word Pattern Combination of Uppercase and Lowercase Heading, Sub-Heading, Business Index. All Cap in Orientational Information and 
Categorization. 
Primary: White on Black Yellow on Blue and Red on Blue (Heading) 
Color Secondary: White on Gary Black on Yellow in Sub-Heading, Categorization, 
Tertiary: Black on White and Business Index. 
White on Black (Orientational Information) 
Center (Heading, Sub-Heading and Categorization) 
Grid Structure Ragged Right Ragged Right and Ragged Left (Business Index) 
Ragged Right (Orientational Information) 
System Hierarchy 
Primary: Orientational and Directional Information Predominent by Heading and No Obvious 
Secondary: Identificational information Distinction Between Categories, Business Index, 
Tertiary: Warning and Notice and Orientational Information 
Placement of Signs Primary: 90 Feet Information Is Displayed in the Range of 40° Head Secondary: 86 Feet 
or Information Tertiary: 20° Below Natural Line of Vision Movement in the Perceptible Distance. 
Angle 
Primary: Parallel to the Viewing Direction 
Secondary: !0° Angle Parallel to the Viewing Direction 
Tertiarv: Parallel to the Viewing Direction 
Primary: 50 Feet Apart From the Second Sign Range from I foot (Close Up) to 50 Feet Across the 
Viewing Distance Secondary: Depending on Viewers' Position Street* 
Tertiary: Depending on Viewers' Position *Data Provided by Engineering Plus, Inc Who Developed the Streetscape Concept Plan for Main Street Ames, Iowa. 
Figure 24: The comparative matrix of MSP International Airport and existing informa-
tional kiosks in downtown Ames, Iowa. 
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kiosks in downtown Ames, Iowa, to achieve visual unity. Because the information sequenc-
ing is defined prior to the deign process in MSP International Airport, visual hierarchy is 
formulated with the aid of visual components which differentiate levels of information. 
Conversely, visual components were predominantly the establishment of the information 
hierarchy in informational kiosks in downtown Ames, Iowa. This results in equalization of 
emphasis in the pyramid of visual hierarchy and the variance numbers of specification in 
design components interrupt the achievement of visual unity. 
The comparative matrix has revealed that the positive aspects of MSP International 
Airport are its systematic organization of information, consistent application of visual com-
ponents to levels of information to create visual hierarchy and unified as a whole. But in 
order to examine whether the MSP International Airport is an applicable model for proto-
type development, the criteria delineated from experiments that show the increasing degree 
of legibility, visibility and recognizability of signs must be incorporated in the evaluation 
matrix. This would facilitate to attain a more legible, visible and recognizable graphics for 
informational kiosks. 
Evaluation Matrix 
The criteria implemented in this section are results of various experiments conducted 
by researchers to detect the probability of elements within signing systems that succeed in 
presenting legible, visible and recognizable signs. They are 1) interletter, 2) interword, 3) 
interlinear, 4) ratio of uppercase versus lowercase, 5) ratio of stroke width versus letter 
height 6) word pattern, 7) color, 8) viewing angle, 9) viewing distance, and 10) relation of 
cap height to viewing distance. Those issues constitute the vertical axis of the evaluation 
matrix; the horizontal axis contains types of information utilized in MSP International 
Airport (Figure 25). The mark inserted in each cell indicates whether MSP International 
Airport meets the criteria. 
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The findings of the evaluation matrix has shown that the signing system in MSP 
International Airport has typographically and ergonomically met the legibility, visibility and 
recognizability criteria, especially in the categories of primary information. The negative 
aspects predominately occurred in subdominant and subordinate information, which include 
inconsistent use of typefaces (subdominant), sizes (subordinate), the paradoxical location of 
information (subordinate), and the vague uses of symbols (sunordinate). As a result, the 
graphic applications of subdominant and subordinate information were excluded as an 
archetype for the prototype development. 
Types of 
Information 
Orientational Directional Identificational Notice and Related Issues Warning 
of Legibility, (Dominant) (Dominant) (Subdominant) 
Visibility and (Subordinate) 
Recognizability 
Interletter Spacin~ (20-40% of Letter Heig t) x x 
Interword SP.acing 
(112 of lhe Height o the 
x x Uppercase Which Is x Approx.imately the Widlh 
of Letteer) 
Interlinear SRacing 
( 1/3-2/3 of cap eight) x x x 
Ratio of Cap-Height x x x Versus X-Height (4:3) 
Ratio ofStroke Width x x Versus Letter Height (1 :6-1:8) 
Word Pattern x x x (Combination of Upper-
case and Lowercase) 
Color x x x (High Brightness 
Reflectness) 
Viewing Angle x x x (10°-60°) 
Viewing Distance 
(In the Range of 20 to x x x x 
155 Feet) 
Relation of Cap 
Height a ndViewing x x x x Distance (At Least l" 
of Cap Height with Every 
30 Feet of Viewing 
Distance) 
Figure 25: The evaluation matrix of MSP International Airport. 
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CHAPTER4 
PROTOTYPE DEVELOPMENT 
The Ames Downtown Business District consists of six 
blocks and extends from Main Street north to Seventh Street. 
Two kiosks were erected at the comer of Main Street and 
Kellogg Avenue, and also at the comer of Fifth Street and 
Kellogg Avenue. Due to the "Digging Downtown Project" 
in summer 1999, the kiosk located at the comer of Main 
Street and Kellogg was removed. At the time of this study, 
no further plan for redesigning kiosk graphics was scheduled 
but the kiosk was relocated to Burnett Avenue and Main 
Street for fabricated restructure (Figure 26), according to the 
KELLOGG 
Figure 26: The drawing 
of reconstructed kiosk. 
official document provided by the Planing and Housing Department at City Hall. 
The Analysis of Existing Informational Kiosks in Downtown Ames, Iowa 
Results from the comparative matrix showed that the visual problems of existing 
informational kiosks were identified as follows: 1) vague establishment of information 
hierarchy, 2) inconsistent use of grid structure, 3) complexity of categorization, 4) incoherent 
typography system, 5) disoriented and 6) oversimplified directory map. Refer to appendix B 
for detailed illustration and descriptions. Furthermore, since 1990, the Americans with 
Disabilities Act requires new constructions must be done in accordance with the law's 
accessibility provisions. The following regulations were listed in the Americans with 
Disabilities Act Accessibility Guidelines (ADAAG) sections 4.30 (signage) and 4.34 
(automatic teller machine) as a checklist. 
• 4.30.1 Signs which provide direction to, or information about, functional spaces of the 
building shall comply with the requirements for character proportion, character height, 
finished and contrast. 
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• 4.30.2 Character Proportion: A width-to-height ratio must between 3:5 and 1: 1 and a 
stroke-width-to-height ratio between 1 :5 and 1: 10. 
• 4.30.3 Character Height: For signs higher than 80" above the finished floor, character 
size shall be 3" minimum and the minimum height should be measured using an 
uppercase X. 
• 4.30.4 Letters and numerals shall be raised 1132", uppercase, san serif or simple serif 
type and shall be accompanied by grade 2 Braille. Pictograms shall be accompanied 
by the equivalent verbal description placed directly below the pictogram. 
• 4.30.5 Finish and Contrast: The characters and background shall be eggshell, matte, 
or other non-glare finish. Characters and symbols shall contrast with their 
background. 
ADAAG section 4.34.2 (automatic teller machine), requires clear floor space and height, 
were taken into account because as with automatic teller machines, a kiosk is a free standing 
structure that provides information and services. The regulations were listed as follows: 
• 4.34.2 Clear Floor Space: A clear space at least 30" by 48" that allows either a 
forward or parallel approach by a person using a wheelchair shall be provided. 
• 4.34.3 Height: 20-25" knee space in depth. 
An evaluation matrix (Figure 27) is used to determine the violations that exist in the existing 
informational kiosk. The mark "x"indicates the criteria have been made. 
Recommendation 
Combining the previous analysis of existing informational kiosks, MSP International 
Airport, and the ADAAG requirements, the following list has been developed as a design 
criteria recommended for kiosk prototype. 
~ 4.30.2 
Infonnational Kiosks in 
downtown, Ames, Iowa 
4.30.3 
x 
4.30.4 4.30.5 4.34.2 4.34.3 
x 
Figure 27: The ADAAG violation in existing informational kiosks. 
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I. Cognitive Recommendation 
Visual Hierarchy 
A. Establish informational hierarchy. 
B. Incorporate visual components to establish visual hierarchy. 
a. Design Elements 
1. Separate layers of information with distinctive values, sizes and 
textures. 
2. Develop proper relationship between correlative information by similar 
typeface, size, weight,and color. 
3. Apply consistent design elements to the same layers of information. 
b. Color 
1. Use distinctive color between layers of information. 
2. Contrast foreground and background colors. 
3. Limit high density color in small areas for extreme emphasis. 
4. Apply colors to corresponded with syntax. 
5. Use no more than four-color-coded system to avoid confusion. 
c. Cirid Structure 
1. Use consistent justifications. 
2. Ciroup information in grid structure. 
Typography 
A. Use 3: 5 and 1: 1 ratio of letter width to height. 
B. Use 1:6 to 1:8 ratio between stroke width and letter height. 
C. Use 4:3 ratio of cap-height versus x-height. 
D. Use 20 to 40% of letter height for interletter spacing. 
E. Use 112 of the height of the uppercase for interword spacing. 
F. Use 1/3 to 2/3 of cap-height for interlinear spacing. 
CJ. Use distinctive word pattern to achieve high recognizability of words. 
H. Distinction of individual letters. 
II. Ergonomic Recommendation 
Typography 
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A. Use at least 1" cap-height with every 30' viewing distance. 
B. Use 3" minimum character size when the sign higher than 80" above the 
finished floor. 
Material 
A. Use non-glare finish to avoid visual fatigue. 
B. Use tactile warning on floor to indicate barriers for blind or disabled rather than 
soft material such as exposed earth or lawn. 
Physical Attributes 
A. Limit viewing angle to 10° to 60° for the informational panels. 
B. Sustain 20 feet to 150 feet for effective viewing distance. 
Development of Prototypical Kiosks for Downtown Ames, Iowa 
The preliminary task prior to creating the specifications of design components is to 
organize layers of information to establish the informational hierarchy. Such was the 
process used in designing airport graphics in MSP International Airport. Through this 
organizing process, the kiosk information would be organized in layers and integrated with 
consistent design components to be perceived as a whole. 
Judging from the existing informational kiosks (refers to Appendix B), much 
redundant information appeared regardless of whether it was necessary. Repetitive 
information was shown on both sides of the existing informational kiosks (refers to 
Appendix B) on both sides of kiosk with different methods of categorization. One side 
categorizes the businesses alphabetically; the other side categorizes characteristically. It 
was determined that since the same information was repeated on both sides, one should be 
eliminated so that the space can be used for representing other essential detailed 
information. Due to the fact that many businesses do not specify the type of business 
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within the name, the alphabetical method was removed to avoid clutter and repetition. 
Moreover, the information used for zoning purposes was also eliminated from the orientation 
map because it was not necessary to indicate the distance from one block to another. The 
following flow chart (Figure 28) was developed in accordance with the priority of 
information and was used as a rough outline for the development of the visual hierarchy. 
The solid lines indicate the sequencing of layers of information and the dotted lines indicate 
the rough integration process. 
Identification of Kiosk 
Categories of Business 
Distinctive Values, 
Sizes, and Textures 
--------- - - 1 
l~u-n-if-ie-d -G-rid-S-tr_u_ctu-r~e I 
~--~--~ 
Names of Business I Business Addresses --------- 1 
~--~--~ 
I Orientation Map I 
i 
Government Facilities Names of the Street 
Corelation with Mapping Information 
for Visual Familarity. 
Parking Information - - I 
Figure 28: An outline for development of visual hierarchy in kiosk prototype. 
Another aspect of prototypical kiosks was to develop a legible, and readable 
typography system. To determine the appropriate typefaces for informational kiosks that 
meet the typographical criteria listed in the checklist (refers to page 42-43), an evaluation 
matrix was developed. The typefaces selected for the evaluation were those used in existing 
informational kiosks; Garamond Bold Condense (GBC), Script (S), Times (T), Optima (0) , 
and Helvetica (H) and those commonly used in airports; Helvetica Medium (HM), Gill Sans 
(GS), Futura (FU), Frutiger (FR), Grotesque (G), and Univers (U). The chosen word for the 
evaluating the applicable typefaces was "Downtown"; this header appeared in the existing 
informational kiosks in both uppercase and lowercase letters. The word "Downtown" 
indicates the necessary information for pedestrians to be able to identify from a distance. 
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The word "Downtown" was taken and worked through the matrix so that the applicable 
typefaces can be determined. An "x" mark will be plotted in the cell if the typeface has met 
the criteria. The amount of "x" marks would be then totaled under each typeface to 
determine the appropriate typefaces for the prototypical kiosk. Typographical criteria D, E, 
F, and G were omitted because the spaces between letters, words, and lines can be adjusted 
individually, while A, B, C and H were inherent within the letterform. The following is the 
typographical evaluation matrix for selected typefaces (Figure 29). As shown in the 
evaluation matrix, the typefaces Optima, Helvetica, and Frutiger conformed to the 
typographical recommendations and ADAAG regulations. Those typefaces would be the 
prime considerations for the kiosk typography system. 
GBC s T 0 H HM GS FU FR G u 
A. A width-to-height ratio x x x x x x x x x x 
between 3:5 and 1:1. 
B. 1: 6 to 1: 8 ratio between x x x 
stroke width and letter height. 
x x x x x 
C. 4:3 ratio of cap-height versus x x x x x 
x-height. 
H. Distinction of individual x x x x x x x x x 
letters such as i and 1, c and o. 
Totals 2 0 3 4 4 3 3 3 4 3 3 
Figure 29: Typographical evaluation matrix for selected typefaces. 
Besides the typographical development, the selection of color should also facilitate 
the perception of information as well as increase the hierarchy in a system of information. 
Though the color combinations of yellow on blue, red on blue and black on yellow used in 
existing informational kiosks possess high brightness reflectance, they tend to fade out 
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when exposed to high contrast illumination and also create visual fatigue. Applying those 
colors to a large area would cause them to lose their intensity and contrast. An example 
shown in Figure 24, taken at MSP International Airport, was predominately associated with 
black and white. The contrast was emphasized with supplementary color to small area. 
Also, in many research experiments showed that the combination of colors exerts better 
legibility when combining with either black or white. Therefore, black and white were 
chosen as foundation and used in combination with primary colors to intensify the graphic 
emphasis and contrast. For the header, because it was applied to a smaller area and to be 
perceived from distance, the combination of black on yellow may be used depending on its 
harmonious correlation with the overall color scheme. 
The determination of the placement of informational panels on kiosks relies on the 
viewing distance of viewers (B 1 ), average height of adults (B2) and 10° angle of normal 
sight line. Figure 30 shows the relationship between those three elements. 
Due to the fact that informational panels displayed clusters of information, viewers 
must be able to contemplate detailed information from a shorter distance. The distance 
from the the viewer's stand point to the existing informational kiosk in downtown Ames, 
T 
B2 B3 
t+---Bl 
····· · Standard Sight Line 
10° Normal Sight Line 
- Side View of the Kiosk 
Figure 30: The relationship between viewing distance, average height of adults and 10° 
angle of normal sight line. 
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Iowa, was approximately 51". With the calculations of the viewing distance and the 
average height of adults (67"), the placement for highest point of the informational panel 
(B3) can be determined by the Trigonometric formula: Tan 10°= B~-r2 . The result, 
B3=0.176x51+67, was 75.806 inches which equaled to 6.325'. To determine the height of 
the lowest point of informational panel that can be ergonomically adapted for most viewers, 
would depend on the downward comfort zone of eye movement (refers to Figure 10). This 
comfort zone extends from the standard sight line downward to an angle of 30° to 45° with 
certain degree of neck fixation. "that the preferred zone for the location of visual displays 
extends from the horizontal line of sight downwards to an angle of 30° and that the optimal 
line of sight is somewhere in the middle of this zone. Given that some modest degree of 
neck flexion is acceptable this could be extended a further 15 °. "38 This range of angle was 
accommodated instead of 10° downward angle is due to the fact that within the 10° angle of 
the normal sign line, the size of the panel would be too small in height. With at least 127 
businesses listed, the text would be too small to be read. The following illustration shows 
the corresponded eye coverage within 10°, 30° and 45°comfort angles (Figure 31). 
Corresponded size of 
panel with 10° viewing 
angle upward and 
downward. 
Corresponded size of 
panel with 10° viewing 
angle upward and 30° 
downward. 
Corresponded size of 
panel with !0° viewing 
angle upward and 45° 
downward. 
D Size of the Information Panel 
Comfort Viewing Angle 
- Kiosk 
---- - Standard Sight View 
Figure 31: The corresponded eye coverage within 10°, 30° and 45 ° comfort angles. 
38 Pheasant, Stephen. Bodyspace: Anthropometry. Ergonomic and Design (London: Taylor and Francis Ltd, 
1986) 158. 
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The trigonometric formula used to determine the height with a 30° downward viewing angle 
was Tan 30° = B~ ~3 . With the results of the highest and lowest point of the informational 
panel, the size can be therefore ascertained by subtraction. For example, the height of the 
lowest point of the information panel with a 30° of downward viewing angle was 37.573", 
then with 75.806" at the highest point, the size for the informational panel would equals to 
38.233" in height. 
Prototypes 
The following is an outline that shows categories of visual development for the 
prototypical kiosk. Each category contains elements that affect the degree of legibility, 
recognizability and visibility of the prototypical graphics as discussed in the literature 
review. Those elements are incorporated with the cognitive and ergonomic 
recommendations listed on page 42-43 to achieve visual integrity. 
1. Kiosk Identification 
A. Header 
a. Typeface 
b. Size 
c. Color 
d. Uppercase and/or Lowercase 
e. Justification 
f. Interletter/lnterword/Marginal Spacing 
g. Finish 
2. Information Panel 
A. Categorization 
a. Typeface 
b. Size 
c. Color 
d. Uppercase and/or Lowercase 
e. Justification 
f. Interletter/lnterword/lnterline/Marginal Spacing 
B. Business Index 
a. Typeface 
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b. Size 
c. Color 
d. Uppercase and/or Lowercase 
e. Justification 
f. lnterletter/Interword/Interline/Marginal Spacing 
C. Identifications of Location 
a. Color 
b. Position 
3. Orientation Map 
A. Directory 
a. Typeface 
b. Size 
c. Color 
d. Uppercase and/or Lowercase 
e. Justification 
f. Interletter/Interword/Marginal Spacing 
B. Mapping System 
a. Size 
b. Color 
c. Position 
d. Layout 
e. Finish 
C. Orientation Arrow 
a. Size 
b. Color 
c. Position 
The subsequent pages (Figure 32-38) illustrate the prototype kiosk. The prototype is presented 
with the labeling system derived from the outline listed above. For instance, the label lA 
illustrates the specifications for the Header as a whole. lAf are the specifications of interletter, 
interword and marginal spacing applicable to the header of the kiosk identification, etc. 
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Figure 32: The architectural structure for the prototypical kiosk (the numbering system is 
derived from the outline listed in page 48-49). 
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27" 
27" 
Figure 33: The elevation of the prototypical kiosk. 
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Figure 34: The specifications of interletter, interword and marginal spacing. The interletter 
spacing is determined by accommodating the module system used in Sign Manual plus 
additional 20% of letter height. The interword spacing is achieved by adding 112 of the 
cap-height to the last letter of preceding word. The marginal spacing is twice of the stroke 
width and apply to top, bottom, right and left margins. 
I(") 
N 
c--.i 
-
53 
21" 
•Ir 
Figure 35: The dimensions of informational and orientational panels. 
' 
w 
00 
Antiques/Collectables 
• Coin Castle 
•Main Street Sportscards 
1111 M emories On M ain 
•Scott Nichols Rare Coins 
Apparel 
• Complete Petite 
•Durham & Durham 
Ill Fashions Main 
1111 Irene's Boutique & Bridal 
•John Hurber Clothier 
• K Renee Inc 
Ill Maternity Shop 
• Olive's 
Art Gallery /Framing 
•Frame Shop 
• Gallery319 
Ill Hang It Up 
Iii The Octagon Center For The Arts 
'11 Wall To W all Gallery & Frames 
Beauty Salons/Barbers 
•Chic Beauty Sa loon 
Ill Creation H air Designers 
Ill Hair Profess ionals 
•His & Hers Styling Salon 
11111 Hotel Barber Shop 
Ill Tom's Barber Shop 
II We Care Hair & Tanning 
Books/Magazines 
1111 Ames Chri stian Supply 
•Big Table Books 
DTrai n OfThought Books 
Ill Walt's Hallmark Shop 
City /Human Services 
iE Ameri can Red Cross Story County Chapter 
m Ames City H all 
llllAmes Public Library 
m Department of Correctional Services 
B Richmond Center 
~ Socia l Security Administrations 
B United Way of Story County 
Ill U.S. Post Office 
~ii Volunteer Center of Story County 
!Q Youth & Shelter Services 
Entertainment 
II Corner Pocket 
llli M ain Street Music 
B Zone Entertainment 
Main Street 
Financial Services Professional Services 
•American Express Financia l Advisors Inc 
ll AmerUS Bank 
&t Dayton Road Development Corp 
~ Electronic Engineering Company 
•H & R Block •Brenton Saving Bank 
Ill Check Into Cash 
II First Federal Saving Bank 
lit First National Bank 
1111 Firstar Bank 
llZI MEMBERS 1st Cred it Union 
• Piper Jaffery 
Ill Princ iple Financial Group 
[f!J ZonesAgricultura l Finance 
Furniture/Interior Design 
Ill American Country 
• ASI Office Experts 
•Interiors On Main 
llllLi nda Glantz Interiors 
Gifts/Florist 
1111 Berverly's Gift & China Shop 
9' Evert's Flowers, Plants, & Gifts 
•Main Street Creati ons 
llD Scandia Imports & Tea Room 
Ill Wordly Goods 
Jewelry 
• Ames Silversmithing 
• Nature's Touch 
lil Swank's Jewelry 
Kitchenware/Kitchen Design 
II Cook's Emporium 
1111 Kitchen, Bath & Home 
!'lii Laura's Cabinet Ga llery 
II Showcase Kitchens 
Pharmacies 
Ill Cue Doctor 
• DrugTown 
• Rhodes Apothecary 
Photographic Supplies 
Ill Pyle Photo Service 
lllWalden Photo Shop 
Printing 
• Advertiser 
II Daily Tribune 
~ Iowa Print 
IEJet Print 
st Val-Pak of Central Iowa 
Sixth Street 
Q) 
::s 
c 
Q) 
~ 
- ··· ·· ,-,... 
-illl''!$£\w>'H''"4¥*.> $;;'§ ~ :-:>o:j,"iJft£,M£' ,i:F:4 '; < i'J.'JP* 
~~5.!-~~?~~':, ,' :'.: ~4· 
t:is':' 
C "' 
'" i .~ 1 
0
1 t ;1 1 :• !11., ~ 011 , ~, 1 01 
2-3 Hours Free Parking 
/ 
Q) 
::s 
c 
Q) 
~ 
O> 
O> 
.Q 
~ 
II Haverkamp Properties 
1111 Helmer & Associates 
• 1ntegra Hea lth 
1111 Midwest Vision Center 
II Net Resu Its 
• Schoenauer & Co, P.C. 
It Swartz 's Systems Corp 
llll Whylie Eye Ca re Center 
Realtors 
ftl Cycom Apa rtment Locators 
al Friedrich Rea l Estate 
~! Iowa Realtor 
in Triplett Rea l Estate & Insurance 
Restaurants 
Ill Aunt Maude's 
• Grove Cafe 
• Ken's Cafe & Gri ll 
!JIMadelines Cafe & Gifts 
1111 Scandia Imports & Tea Room 
• subway 
• Sugar Tree LTD 
•Lucullan 's 
• whiskey River Bar & Grill 
Sewing/Vacuum 
• A Stitch On Time 
• Ames Sewing & Vacuum 
Shoes 
111111 Brown 's Shoe Fi t Co. 
Ill Emerhoff's Foot ware 
Toys/Candy 
ml Alphabet Soup 
• Temptation 
Other Business 
!II Abstract & Titl e Service Of Story County 
• Ames Pawnbroker 
Y: Ames Pantorium 
~Arch Paging 
• Carr Hardware 
Iii Curves For Women 
• 1ES Utility 
•Iowa Paint 
• Michael's Cyc lery 
• Play It Again Sports 
• Roy's TV Co. 
Q) 
::s 
c 
Q) 
~ 
(J) 
ctl 
Ci 
::s 
0 
0 
~00par~in9 2-3 \-\OUfS 
N 
@ 
Q) 
::s 
c 
Q) 
~ 
-:; 
0 
Figure 36: The layout of the informational panel. Each business is coded with a color and is numbered for the 
indications of its location. 
55 
Professional Services 
Dayton Road Development Corp 
Electronic Engineering Company 
• H & R Block 
Haverkamp Properties 
1111 Helmer & Associates 
• I ntegra Health 
DI Midwest Vision Center 
•Net Results 
• Schoenauer & Co, P.C. 
Swartz's Systems Corp 
Ill Why I ie Eye Care Center 
Realtors 
Cycom Apartment Locators 
B Friedrich Real Estate 
Figure 37: The actual size of the typeface shows on the informational panel. 
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To diminish the discomfort that may occur for the disabled to perceive information, 
an alternative set of dimensions was applied to serve the ergonomic needs. According to 
the anthropometry report, the average height of a seated individual is measured 
approximately 47.5-48". Taking this measurement and applying it to the trigonometric 
formula, the dimension and position for informational panels can be determined. The result 
showed the position for the highest point of the informational panel should be located at 
55" and the lowest point at 17" (Figure 39). This, therefore, determines the dimension of 
the informational panel for disabled which is 38". This dimension is the same result as 
appeared in preceding section for average standing adults. However, due to the difference 
in height of seated and standing individuals, the overlap comfort zone is diminished to 17" 
in height (Figure 40) to accommodate both types of users. With this limitation, the sizes of 
letters on informational panel must be reduced or the width of informational panel must be 
broaden so that all 127 businesses can be listed. These alternations may create discomfort 
for seated and standing individuals because the dimensions for both types of users was 
modified rather than specifically designed for maximum comfort for either type of users. 
1 
B3 
47.5 
51 
······ Standard Sight Line 
10° Normal Sight Line 
- Side View of the Kiosk 
Figure 39: The comfortable viewing zone for seated individuals. 
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67" 
47.5" 
51"-
T 
B3 
j_ 
------ Standard Sight Line 
10° Normal Sight Line 
- Side View of the Kiosk 
Universal Viewing Comfort Zone 
Figure 40: The illustration of the universal comfort zone for standing and seated individuals. 
Therefore, rather than shifting in dimensions or sacrificing the size of letter that requires 
either seated or standing individuals to compromise. The hexagon shape of kiosk allows 
users to perceive information depending on which side that serves their needs. The layout 
of the informational panel remains the same because the calculations of comfort zone for 
disabled shared the same result as the calculation from average standing adults. The 
subsequent page illustrates the differences in measurements to serve the ergonomic needs of 
the disabled. The same labeling system used in the preceding section for the average 
standing individual was also applied in the following section. 
Optical Evaluation 
The informational kiosk prototype developed on page 51 to 57 reconciled the 
theoretical aspects of achieving legible and recognizable information as the 
recommendations listed on pages 43-44. However, many readjustments are needed to 
eliminate the problems inherent in first prototype to diminish the effectiveness of the 
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Figure 41: The architectural structure of the prototypical kiosks for seated individuals (the 
numbering system is derived from the outline listed in page 49-50). 
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system. The following elements were used as optical evaluation criteria to identify the spe-
cific details shown in the prototypical kiosk that were visually problematic: 
A. Optical Consistency of Interletter Spacing 
B. Optical Consistency of Interlinear Spacing 
C. Optical Consistency of Marginal Spacing 
D. Optical Balancing of Left and Right Marginal Spacing 
The visual development of each category for the first kiosk prototype shown in the preced-
ing section was then evaluated to attain optical consistency. The marked areas indicated in 
figure 42, show the optical inconsistency of spacing that needed to be readjusted to achieve 
the integration and balance within the design. 
A. Inconsistent optical interletter 
spacing generated by the void space 
of the letterform 'T' (also occurs in 
letter such as V, W, Y, and A). 
C. Left/right marginal spacing appears 
smaller than the top/bottom margins 
when the letterform consists of extended 
stroke such as the arm of the 'T' . 
A. Inconsistent optical interletter spacing 
created by the gap between open counter 
of the letter 'C' and the bowl of the 'e' . 
C, D. Right marginal spacing appears 
visually smaller than the left margin 
because of the void spaces contained in 
the letter 'T'. 
Figure 42: The indications of the optical inconsistency from the kiosk identification. 
Though the marginal spacing was equally distributed to four sides, the vertical (left 
and right) margins appeared thinner than the horizontal (top and bottom margins). This 
occurs when letterform consists of extended stroke such as the arm of the letter 'T'. To opti-
cally equalize the marginal spacing for the header of the kiosk, a two-point width of spacing 
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was inserted on the left and right margins to achieve visual balance. The subtraction of 
spacing between the letters 'T' and 'o' is also needed because of the open void space that letter 
'T' generates. This inconsistent letter spacing between the letters 'T' and 'o' was eliminated 
by shifting the module to the middle of the arm of the letter 'T'. Another inconsistent inter-
letter spacing occurs when the open counter of the letter 'C' was used as a prime gauge to 
measure the spacing for the following letter. The gap between the open counter of letter 'C' 
and the bowl of letter 'e' makes the following letter 'e' appears to be further apart from the 
letter 'C'. To eliminate this optical imbalance, the bottom of open counter of the letter 'C' 
was used as the edge to supplement interletter spacing for the following letter. The follow-
ing illustration (Figure 43) shows these optical adjustments. 
:·:·:·:-::··:·:··· ·.·.·.·.··:::::::::::::::::::::·:::: 
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Figure 43: The optical readjustments for the header of the kiosk 
The same evaluation method was employed in kiosk identification used to determine 
the inconsistency and imbalance of the spacing in the informational panel. The inf orma-
tional panel (Figure 36) was analyzed to detect the inconsistency of spacing and to identify 
the imbalance and inconsistency of the layout as an integrated whole. The optical imbal-
ance of interline spacing often occurs in two circumstances. These occur when the descen-
der of the first line of text collided with the ascender of the second line and when light (yel-
low and red) color blocks were placed under or above the dark (green and blue) color 
blocks (Figure 44). To attain the optical consistency of spacing, extra spaces were inserted 
between lines of text to diminish the compactness created by the collision of ascenders and 
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descenders. As the optical inconsistency of spacing generated by the contrast of colors 
(irradiation), the spacing in between color blocks were altered to sustain the consistency of 
interline spacing. Furthermore, the ragged setting of text produces a smattering of void 
spaces on the justified side. With the ragged right layout of the informational panel, the 
imbalance of left/right marginal spacing predominated the void space on right margin. 
Though much research demonstrated that a two-stroke width of marginal spacing imparts 
better readability of signs, the informational panel contains an amount of information that 
requires close observation. Therefore, the informational panel must achieve the optical bal-
ance for viewers to decipher information. Figure 45 shows the mathematical layout deviat-
ed from the research. Figure 46 shows the final adjustment of the informational panel. 
Figure 47 and 48 show the differences in actual size. 
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Figure 45: The mathematical layout of the informational panel with the directory map. 
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Figure 46: The optical adjusted layout of the informational panel with the directory map. 
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Figure 47: The mathematical layout in actual size derived from the research. 
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CHAPTER S 
CONCLUSION 
An effective system of visual communication imparts legible, recognizable, and visi-
ble information. This thesis not only investigates how airport signing systems utilizes 
design variables to generate legible deposition of information, but also studies how various 
aspects of human factors affects the effectiveness of the signing systems. This was exam-
ined through the existing research that provides clues about crucial elements that enhance 
the effectiveness of airport signing systems. Those elements constituted the criteria for an 
effective development of airport signing systems. 
The development of graphic application for the informational kiosk prototype was 
created on the presumptions that if the airport signing systems impart legible and recogniz-
able information, then applying the principles of airport signing systems to the information-
al kiosk would enhance the legibility of the kiosk information. The study of airport signing 
systems demonstrates the consistency in design that corresponds to results of various exper-
iments. Those elements established the criteria that were used in comparative and evalua-
tive matrices to identify the problematic aspects that occurred in existing informational 
kiosks. Supported by the study of Minneapolis-St.Paul International Airport (MSP), a pat-
tern emerged for the informational kiosk prototype. 
The research on airport signing systems yielded insights and provided a framework 
for the development of the informational kiosk prototype: I) systematic sequencing of infor-
mational hierarchy, II) consistent incorporation of visual components to layers of informa-
tion, III) visual unity of layers of information, IV) integration of design variables within its 
signing system, V) legible deposition of presenting information, and VI) fulfillment of 
ergonomic needs. However, it must also be mentioned that some recommendations derived 
from the study of airport signing systems were circumstantial. For instance, the airport 
signing systems are often displayed under a controlled lighting environment, whereas out-
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door kiosks are exposed in conditions that mainly depend on nature. In addition, viewers 
often quickly approach their destination in an airport setting, which demands larger letters 
and signs for viewers to perceive information from an extended distance; whereas, a kiosk 
in a shopping area requires less attention to the sizes of the signs and more to the compre-
hension of information. 
Of all of the design variables shown in airport signing systems that were determined 
crucial in increasing the legibility and recognizability of signing, the distance of viewing 
versus interletter, interword, interline and marginal spacing produce significant differences 
in obtaining visual consistency and unity of informational kiosks. These phenomena are 
caused by the differences in viewing distance in association with required speed of reading. 
These differences in contexts between airport signing systems and kiosks results in optical 
inconsistency and imbalance of spacing on the kiosk information. Therefore, the final rec-
ommendations for the kiosk prototype need to be optically adjusted to reconcile the contex-
tual differences to achieve the optical consistency and balance of the layout for the informa-
tional kiosks. The system recommendations listed below were intended to consolidate the 
circumstantial differences between airport signing systems and the informational kiosk, in 
combination with recommendations learned from the study of airport signing systems. 
System Recommendations 
Typography 
A. The selected typefaces must contain the characteristics required by the American 
Disabilities Act Accessibility Guidelines to accommodate maximum users. 
B. The selected typefaces must contain distinctive characters so individual letters can 
be differentiated from others. 
C. The boldness of the the typography should not exceed 1/6 of letter height, otherwise 
the visibility of the typefaces is jeopardized. 
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Spacing 
A. The interletter spacing for signs could be determined, according to Crosby's chart 
(see Table 4, page 23) and supplemented with 20% of letter height. However, the 
subtractions of interletter spacing for letters such as A, T, V, W and Y are needed 
because the void spaces contained within the letterform itself (Figure 49) expands 
as the letters are enlarged. The subtractions of spacing for those letters can be 
determined by shifting the measurement module from the outer most part of the let-
ter to 1/5 of the letter. Figure 50 illustrates the differences: 
Figure 49: Letters that contain extensive void spaces within their letterforms. 
l1o [o 
II II 
Measurement module 
-- Specifications of spacing 
Figure 50: The differences in interletter spacing as the measurement module shifts from the 
outer most part of letter (left) to 1/5 inward (right) of letter. 
B. The interword spacing must be distinctive to be separated from interletter spacing. 
C. The interline spacing must be wide enough to prevent the descender of the first line 
of text from colliding with the ascender of the second line of text. 
D. The determination of interline spacing should also optically adjusted when colored 
visual punctuations are repetitively incorporated to each line of text. An one-point 
extra space is inserted between two adjacent wann/cool colors to avoid vibration. 
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E. The marginal spacing should visually appear in equal width. 
Color 
A. The selected colors should be distinctive in values to separate layers of information. 
B. The use of colors should corresponded with its correlated syntax. 
C. The contrast between foreground and background should maintain at least 75% of 
brightness reflectancy. 
Visual Hierarchy 
A. The visual hierarchy can be established by separating layers of information with 
distinctive values of visual punctuations. 
B. The relationship of correlative information should be developed by using similar 
typeface, size, weight, color and etc. 
C. The consistent design elements should be apply to the same layer of information. 
D. Consistent justifications should be applied to the same layers of information. 
Implications for Further Study 
The kiosk prototype was developed on the basis of implementing the principles of 
airport signing systems to informational kiosks for the purpose of presenting more legible, 
recognizable, and visible graphics. The emphasis of this research focused on the graphic 
application in conjunction with the concern of ergonomic needs of public to achieve maxi-
mum legibility of the kiosk information, regardless of how lighting and material can further 
enhance the effectiveness of the information. Since the informational kiosk in downtown 
Ames is an outdoor facility, the excessive amount of sunlight reflected from the surface of 
the informational kiosk results in glare that may diminish the contrast intended in the graph-
ic application. Though the effect of glare from direct sunlight may be reduced by reposi-
tioning the kiosk in an angle or by using non-glare materials, further investigations on 
absorption and reflection of sunlight from the surfaces of various materials are needed so 
that the distortion of kiosk information from direct sunlight is limited. Likewise, the selec-
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tion of the material used will as well affect the results of direct sunlight on the kiosk sur-
face. 
Furthermore, it is important to note that this study does not examine the significance 
of how architectural shapes can be utilized to not only enhance the spatial connections with 
its surroundings but also to incorporate within the graphic application. The kiosk prototype 
was intended to combine the rectangular shapes of street pavement within the graphic appli-
cation of the informational kiosk to attain a sense of visual consistency with its environment 
and to modify the shape of existing informational kiosk to hexagon for easy accessibility. 
However, an in-depth study of how spatial connections of architectural forms can be inte-
grated as a reinforcement of graphic application is necessary. Ideally, future study would 
bridge the gap between two dimensional graphic application and three dimensional architec-
tural forms as an integral whole. 
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APPENDIX A 
THE DESIGN SPECIFICATIONS FOR MSP INTERNATIONAL AIRPORT 
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APPENDIXB 
THE LAYOUT OF THE EXISTING INFORMATIONAL KIOSKS IN DOWNTOWN 
AMES, IOWA 
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APPENDIX C 
THE DRAWING OF KIOSK LOCATION 
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